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The  vast  amount  of  experimental  and  procedural  material  existing  at  the  present  time  on  the  physicochemical 
analysis  of  binary  liquid  systems  showing  interaction  is  almost  completely  devoted  to  a  study  of  reactions  of  type 
A  +  B  =  AB.  Only  several  papers  can  be  found  in  the  literature  where  exchange  reaction,  proceeding  by  the  scheme 
A  +  B  =  C  +  D.  was  studied  by  methods  involving  physicochemical  analysis  of  the  liquid  phase. 

V.  V.  Udovenko  and  Yu.  Ya.  Fdalkov  [1]  studied  the  viscosity  of  binary  systems,  composed  of  silicon  tetrachlor¬ 
ide  and  either  acetals  or  acetic  anhydride.  In  these  systems  the  reaction  goes  to  completion  under  certain  conditions 
(dichlorodialkoxysilanes  and  chloroalkyl  ethers  are  formed  in  the  systems  containing  acetals,  while  silicon  tetrachlor¬ 
ide-acetic  anydride  system).  The  viscosity  isotherms  of  these  systems  exhibit  a  maximum  at  a  ratio  of  the  compo¬ 
nents  corresponding  to  the  formation  of  the  reaction  products. 

The  picture  becomes  much  more  complicated  if  the  exchange  reaction  in  the  system  is  reversible,  as  can  be 
seen  on  the  example  of  the  acetic  acid— ethyl  alcohol  system,  the  density,  viscosity  and  electrical  conductivity  of 
which  were  studied  by  Z.  S.  Drutman  [2].  Although  the  formation  of  the  ester  is  reflected  on  the  composition- proper¬ 
ty  diagrams  (the  isotherms  of  the  system  after  heating  the  mixture  differ  from  the  isotherms  of  the  properties  of  the 
given  system,  studied  directly  after  mixing),  still  the  extreme  points  of  these  properties  are  not  found  at  a  1 ;  1  ratio. 

A  complete  interpretation  of  the  experimental  data  given  in  [2]  is  made  difficult  by  the  absence  of  sufficient  proof 
that  the  properties  of  the  mixtures  were  studied  after  chemical  equilibrium  had  been  reached,  and  also  by  the  fact 
that  the  necessary  numerical  information  is  not  given  in  the  paper. 

Using  different  physicochemical  analysis  methods  (density,  viscosity,  surface  tension,  speed  of  sound),  the  sys¬ 
tem  acetic  anhydride— ethyl  alcohol  was  studied  by  S.  A.  Balyan  [3].  It  should  be  mentioned  that  the  choice  of  study 
objects  in  the  given  case  must  be  deemed  unfortunate  (the  study  bears  a  methodological  character),  since  the  acetic 
acid  formed  in  the  reaction  of  acetic  anhydride  with  alcohol,  in  the  alcohol-rich  regions,  enters  into  the  esterifica  - 
tion  reaction,  which  exerts  a  significant  effect  on  the  shape  of  the  property  isotherms,  a  fact  that  follows  if  only  from 
the  above  cited  paper  [2].  In  addition,  this  circumstance  does  not  permit  calculating  the  composition  of  the  system 
at  eact  point. 

To  complete  the  literature  survey  we  will  also  mention  the  paper  by  T.  V.  Mal'kova  [4],  who  made  a  physico¬ 
chemical  analysis  (density,  atomic  concentrations,  viscosity  and  refractive  index)  of  the  system  acetic  anhydride- 
nitric  acid.  However,  the  author  of  the  paper  believes  the  presence  of  exchange  reaction  (formation  of  acetyl  nitrate 
and  acetic  acid)  in  the  system  to  be  only  conjectural. 

In  the  present  paper  we  continue  our  systematic  study,  employing  physicochemical  analysis  methods,  of  binary 
liquid  systems  showing  exchange  reaction,  which  was  started  by  one  of  us  jointly  with  V.  V.  Udovenko  [1].  The 
phenol— acetic  anhydride  system  was  chosen  for  the  following  reasons;  it  may  be  assumed  that  the  components  of 
this  system,  when  mixed  together,  do  not  show  any  significant  reaction  at  room  temperature;  when  heated  for  a  long 
time  the  reaction  easily  reaches  the  equilibrium; 

(CHjCOjzO  +  CeHgOH  =  CHjCOOCeHs  +  CHjCOOH 

Since  phenol  does  not  react  with  acetic  acid  under  the  experimental  conditions  chosen  by  us,  the  composition 
of  the  mixtures  can  be  calculated  at  any  point  after  reaction  has  taken  place. 
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We  studied  the  phenol— acetic  anhydride  system  on  the  basis  of  the  density,  viscosity  and  refractive  indices  at 
25  and  50*  (at  75*  the  properties  of  the  mixtures  after  mixing  show  substantial  change  with  time  due  to  incipient  re¬ 
action). 


EXPERIMENTAL 

The  starting  components  were  purified  in  conventional  manner.  The  constants  of  the  pure  materials  are  listed  in 
Table  1. 


TABLE  1. 


Compound 

/o 

1  Constants 

1  Literature  data 

Ti(centi  - 
poises) 

rijft 

1 

|(centipoises) 

( 

45 

1.5402 

1..5402  (r'l 

Phenol  / 

50 

1.044 

3.432 

1.5378 

1.049  |e| 

3.336  [6| 

1.5378  |5] 

1 

75 

1.026 

1.793 

— 

1.028  (8) 

1.742  |8J 

— 

Acetic  f 

25 

1.070 

0.831 

1.3881 

1.3883  (7| 

anhydride  p 

50 

1.040 

0.611 

1.3780 

1.043  |R| 

0.633  |P1 

1.037  |«| 

0.699  |91 

The  density  was  determined  in  a  pycnometer  with  a  graduated  neck.  The  volume  of  the  pycnometer  was  about 
3  ml.  The  accuracy  of  the  determinations  was  ±0.0003.  The  accuracy  of  determining  the  viscosity  was  of  the  same 
order  (the  viscosity  was  measured  in  a  closed  viscosimeter  of  the  Ostwald  typo).  An  IRF-22  refractometer  was  used 
to  determine  the  refractive  indices. 

The  measurements  were  made  in  the  following  manner.  The  prepared  mixture  was  divided  into  two  parts,  one 
of  which  was  analyzed  for  density,  viscosity,  and  refractive  index.  In  all  cases  the  properties  of  the  systems  were 
studied  at  25*— 1  hr  after  mixing,  and  at  52*— 2  hr  after  mixing.  As  a  result,  the  property  isotherms  for  the  mixtures, 
obtained  directly  after  mixing,  are  also  the  isochrones.  By  means  of  spocial  experiments  it  was  established  that  the 
viscosity,  density  and  refractive  indices  of  the  mixtures  do  not  show  any  noticeable  change  with  time  at  25*;  at  50* 
this  change  is  very  small. 

The  second  samples  of  the  mixtures  were  sealed  in  ampuls  and  heated  at  100*  for  6  hr.  By  means  of  sp)ecial 
experiments  it  was  established  that  this  length  of  heating  is  entirely  adequate  to  establish  chemical  equilibrium  in 
the  system  (all  of  the  prop)erties  of  the  1;  1  mixture  were  measured  after  heating  for  6,  11,  and  39  hr;  the  properties 
of  this  mixture  remained  unchanged).  The  reproducibility  of  the  experiments  was  checked  on  two  mixtures  analyzing 
46.73  and  46.78  mole  phenol. 

Density.  The  results  of  measuring  the  density  of  the  system  after  mixing  (d^)  and  after  establishing  equilib¬ 
rium  (da)  are  summarized  in  Table  2  and  plotted  in  Fig.  1. 

The  density  isotherms  of  the  system  after  mixing  are  slightly  convex  to  the  compxjsition  axis,  and  this  convex¬ 
ity  increases  somewhat  with  increase  in  the  temp)erature.  The  density  isotherms  of  the  system  after  establishing  equi¬ 
librium  exhibit  a  quite  distinct  minimum  at  50  mole  %  phenol,  i.e.,  at  the  ratio  where  the  compxjnents  of  the  system 
react. 


The  relationship  between  the  composition  of  the  system  and  the  difference  in  the  densities  of  the  mixtures 
after  mixing  the  components  (dj)  and  on  reaching  equilibrium  (da)  is  more  indicative.  From  the  data  in  Table  1  and 
Fig.  1  it  can  be  seen  that  this  relationship  exhibits  a  distinct  maximum  at  a  1 ;  1  ratio  of  the  components.  The  de¬ 
pendence  of  the  deviations  of  the  molecular  volumes  from  additivity  on  the  composition  exhibits  a  similar  course  at 
50*  (Table  2).  At  the  same  time  the  deviations  of  the  molecular  volumes  from  additivity  for  the  mixtures  after  mix¬ 
ing  at  50*  do  not  have  such  a  straight  course,  which  is  apparently  due  to  exchange  reaction  taking  place  (although 
very  slightly)  at  this  temperature. 

In  both  cases  (dj  and  dz)  the  temporature  coefficients  of  the  density  are  a  linear  function  of  the  composition. 
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Fig.  1.  Density  of  phenol-acetic  anhydride  system. 
Density  of  freshly  prepared  mixtures:  I)  at  25“,  II)  at 
50*;  density  of  mixtures  after  establishing  equilibri  - 
um:  III)  at  25“,  IV)  at  50“;  V)  difference  in  the  den¬ 
sity  values  of  freshly  prepared  mixtures  and  mixtures 
with  established  equilibrium. 


Visco  sity .  The  results  of  measuring  the  viscosity 
of  the  system  immediately  after  mixing  the  components 
(t)^  and  after  establishing  equilibrium  (7)2)  are  summarized 
in  Table  3  and  plotted  in  Fig.  2. 

As  can  be  seen  from  Fig.  2,  the  viscosity  isotherms 
for  the  mixtures  immediately  after  mixing,  the  same  as  the 
isotherms  characterizing  the  viscosity  of  the  system  when 
chemical  equilibrium  is  established,  do  not  exhibit  any 
special  points.  They  are  convex  to  the  composition  axis 
over  the  entire  range,  and  consequently  do  not  give,  ac¬ 
cording  to  the  existing  classification  of  viscosity  isotherms, 
any  indications  of  the  formation  of  the  compounds  in  the 
system.  The  viscosity  of  the  freshly  prepared  mixtures 
nearly  coincides  with  the  viscosity  after  establishing  equi¬ 
librium.  Only  in  the  phenol-rich  regions  is  the  viscosity  of 
the  mixtures  after  establishing  chemical  equilibrium  great¬ 
er  than  the  viscosity  of  the  mixtures  measured  immediately 
after  mixing.  This  circumstance  also  does  not  permit  de¬ 
tecting  any  special  points  as  regards  the  dependence  of  the 


Mole  % 


Fig.  2.  Viscosity  of  phenol-acetic  anhydride  sys¬ 
tems.  I)  Viscosity  after  mixing  components  at  25“; 
II)  the  same,  at  50“;  ni)  viscosity  when  equilibrium 
is  established  at  25*;  IV)  the  same,  at  50*. 


line  over  the  entire  concentration  range.  The  deviations 
point). 


differences  in  h  1-112  on  the  composition  (i.e,,  after  mix¬ 
ing  and  on  establishing  equilibrium).  The  curves  of  the 
temperature  coefficients,  which  repeat  the  course  of  the 
viscosity  isotherms,  also  do  not  exhibit  any  special  points. 

Refractive  index.  The  results  of  measuring  the 
refractive  indices  of  the  system  after  mixing  the  compo¬ 
nents  (ni)  and  on  establishing  equilibrium  (nz)  are  summar¬ 
ized  in  Table  4. 

When  the  composition  is  expressed  in  mole  %,  the 
refractive  index  isotherms  are  convex  to  the  composition 
axis  in  both  cases.  That  reaction  had  taken  place  is  indi¬ 
cated  by  the  differences  between  the  refractive  index  val¬ 
ues  for  the  system  after  mixing  the  components  and  when 
equilibrium  had  been  established  (ni  -  nz).  From  Table  4 
it  can  be  seen  that  the  maximum  difference  in  the  refrac¬ 
tive  index  exists  at  50  mole 

As  other  data  we  have  given  in  Table  5  the  deviations 
from  additivity  when  the  composition  is  expressed  in  volume 
percent.  As  can  be  seen  from  the  data  in  this  table,  the  re¬ 
fractive  index  isotherm  for  the  system  after  mixing  is  con¬ 
vex  to  the  composition  axis  over  nearly  the  entire  range, 
which  testifies  to  the  positive  deviations  of  the  refractive 
index  from  additivity.  The  maximum  deviations  are  in  the 
order  of  0.002,  which,  according  to  B.  V.  Ioffe  [10],  cannot 
testify  to  the  presence  of  reaction  (addition)  between  phenol 
and  acetic  anhydride.  From  the  data  in  Table  5  it  can  be 
seen  that  the  refractive  index  isotherm  of  the  system  when 
equilibrium  is  established  lies  below  the  additive  straight 
from  additivity  are  very  large  (0.0073  at  the  maximum 
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TABLE  2.  Density  of  Phenol— Acetic  Anhydride  System 


Density 

1 

Deviation  of  mo¬ 
lecular  volumes 
from  additivity 
(at  50*) 

Mole  ^ 
phenol 

after  mixing(d|) 

when  equilibrium 
is  established (df) 

d,- 

-d, 

25« 

50® 

25* 

50* 

25® 

60® 

before 

reactior 

after 

reaction 

0.00 

1.070 

1.040 

1.070 

1.040 

0.000 

0.000 

0.00 

0.00 

8.99 

1070 

1.041 

1.068 

1.039 

0.002 

0.002 

0.06 

0.12 

13.47 

1.070 

1.041 

1.067 

1.038 

0.003 

0.003 

0.05 

0.23 

14.92 

1.070 

1.042 

1.066 

1.037 

0.004 

0.005 

0.13 

0.34 

29.53 

1.070 

1.043 

1.063 

1.036 

0.007 

0.006 

0.17 

0.47 

35.88 

1.070 

1.044 

1.062 

1.035 

0.008 

0.009 

1  0.24 

0.58 

41.84 

1.070 

1.044 

1.061 

1.034 

0.009 

0.010 

0.21 

0.70 

46.73 

1.071 

1.044 

1.060 

1.033 

0.011 

0.011 

0.21 

0.81 

46.78 

1.071 

1.044 

1.060 

1.033 

0.011 

0.011 

0.21 

0.80 

50.00 

1.071 

1.045 

1.059 

1.033 

0.012 

0.012 

0.27 

0.82 

51.69 

1.071 

1j045 

1.059 

1.033 

0.012 

0.012 

0.27 

0.82 

58.46 

1.071 

1.045 

1.060 

1.034 

0.011 

0.011 

0.25 

0.75 

64.14 

1.071 

1.046 

1.061 

1.036 

0.010 

0.010 

0.31 

0.58 

78.00 

1.070 

1.046 

1.063 

1.040 

0.007 

0.006 

0.26 

0.27 

88.78 

1.069 

1.045 

1.066 

1.043 

0.003 

0.002 

013 

0.04 

100 

— 

1.044 

_ 

1.044 

0.000 

0.000 

0.00 

0.00 

TABLE  3.  Viscosity  of  Phenol— Acetic  Anhydride  System 


Mole 

phenol 

Viscosity  (in 

centipoises) 

after  mixing  (t)i) 

when  equilibrium 
is  established  (tij) 

25® 

60® 

25® 

50® 

0.00 

0.831 

0.611 

0.831 

0.611 

8.98 

0.922 

0.666 

0.941 

0.681 

13.47 

0.980 

0.706 

0.985 

0.707 

14.92 

1.014 

0.733 

1.004 

0.721 

29.53 

1.267 

0.896 

1.270 

0.866 

35.88 

1.412 

0.951 

1.421 

0.950 

41.84 

1.559 

1.050 

1.557 

1.032 

46.73 

1.706 

1.100 

1.740 

1.116 

46.78 

1.707 

1.100 

1.740 

1.116 

50.00 

1.839 

1.164 

1.900 

1.181 

51.69 

1.890 

1.191 

1.949 

1.216 

58.46 

2.069 

1.275 

2.160 

1.315 

64.14 

2.668 

1.513 

2.836 

1.612 

78.00 

3.958 

2.017 

4.476 

2.205 

88.78 

5.906 

2.623 

6.731 

2.731 

100 

3.432 

“ 

3.432 

RESULTS 

Of  the  three  properties  studied,  only  the  density  indicates  clearly  that  exchange  reaction  has  taken  place  in  the 
system;  the  density  isotherms  for  the  mixtures  in  which  equilibrium  had  been  established  exhibit  a  distinct  minimum 
at  a  1 ;  1  ratio  of  the  components. 


A  comparison  of  the  property  isotherms  of  the  system  in  the  absence  of  reaction  and  when  chemical  equilibrium 
is  reached  proves  to  a  convenient  way  of  identifying  exchange  reaction  in  the  given  case.  From  the  data  in  Tables  2 
and  4  it  can  be  seen  that  the  maximum  differences  in  the  density  and  refractive  indices,  computed  in  this  manner, 
exist  at  a  1:1  ratio  of  the  components.  However,  this  procedure  does  not  permit  identifying  chemical  reaction  in  the 
given  case  from  the  viscosity  measurements.  Here  reaction  is  manifested  by  a  slight  increase  in  the  viscosity  of  the 
mixtures  only  in  the  regions  rich  in  phenol. 
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TABLE  4.  Refractive  Index  of  Phenol— Acetic  Anhydride  System 


Refractive  index 

1 

Mole 

phenol 

after  mixing  (tJ|) 

when  eauilibrium 
is  established  (1)2) 

(n,  —  n,) .  10* 

»• 

50» 

25* 

50* 

25* 

60* 

0.00 

1.3881 

1.3780 

1.3881 

1.3780 

0 

0 

8.99 

1.4017 

1.3911 

1.4008 

1.3895 

9 

16 

13.47 

1.4082 

1.3979 

1.4063 

1.3960 

19 

19 

14.92 

1.4106 

1.4000 

1.4080 

1.3976 

26 

24 

29.53 

1.4352 

1.4247 

1.4303 

1.4195 

49 

52 

35.88 

1.4450 

1.4343 

1.4397 

1.4287 

53 

56 

41.84 

1.4533 

1.4434 

1.4461 

1.4362 

72 

72 

46.73 

1.4615 

1.4514 

1.4532 

1.4434 

83 

80 

46.78 

1.4615 

1.4513 

1.4533 

1.4432 

82 

81 

50.00 

1.4662 

1.4562 

1.4573 

1.4474 

89 

88 

51.89 

1.4682 

1.4575 

1.4596 

1.4497 

86 

78 

64.14 

1.4894 

1.4790 

1.4839 

1.4734 

55 

56 

78.00 

1.5132 

1.5020 

1.5087 

1.4991 

45 

29 

88.78 

1.5289 

1.5187 

1.5282 

1.5180 

7 

7 

100 

1.5378 

1.5378 

0 

0 

TABLE  5.  Deviations  of  the  Refractive  Index  from  Additivity  when  the  Composition  is  Ex¬ 
pressed  in  Volume  Percent  and  the  Calculated  Values  of  the  Refractive  Index  Assuming  that 
the  Reaction  went  to  Completion  (at  50°) 


Percent  phenol 

Deviations  from  additivity 
4n(V)  .  10* 

Refractive  index, 
calculated  assuming 
that  the  reaction 
went  to  completion 

Divergence 
from  calcu¬ 
lated  value  • 

•  10^ 

mole  1 

volume 
(at  50°) 

An, 

Aril 

''  ”1 
0.00 

0.00 

0 

0 

1.3780 

0 

8.99 

8.27 

—1 

—17 

1.3908 

13 

13.47 

12.51 

—1 

—20 

1.3972 

12 

14.92 

13.87 

—2 

—26 

1.3993 

17 

29.53 

27.79 

23 

—29 

1.4206 

11 

35.88 

33.94 

21 

-35 

1.4300 

13 

41.84 

39.78 

18 

—54 

1.4389 

27 

46.73 

44.61 

21 

-59 

1.4462 

28 

46.78 

44.66 

20 

—62 

1.4463 

31 

50.00 

47.87 

17 

—71 

1.4512 

38 

51.69 

49.46 

15 

-73 

1.4539 

42 

64.14 

62.15 

12 

—17 

1.4748 

12 

78.00 

76.87 

2 

-5 

1.4986 

5 

88.78 

87.90 

0 

0 

1.5176 

4 

100 

100 

1.5378 

0 

To  elucidate  the  observed  relationships  we  synthesized  phenyl  acetate  and  determined  its  properties:  b.p.  193.0° 
(literature  data:  195.7“  at  760  mm);  density  at  25°  1.069,  at  50°  1.043;  viscosity  at  25°  2.415,  at  50°  1.425;  refractive 
index  (nj))  at  25°  1.4999,  at  50°  1.4880. 

A  mixture  of  phenyl  acetate  and  acetic  acid  with  a  1.000;  1.000  mole  ratio  was  also  prepared.  The  density, 
viscosity  and  refractive  index  of  this  mixture  were  measured; 


25° 

50° 

Density 

1.058 

1.033 

Viscosity 

1.885 

1.174 

Refractive  index 

1.4580 

1.4469 

645 


The  obtained  results  show  good  agreement  with  the  results  of  determining  the  same  values  for  the  mixture  com¬ 
posed  of  50  molelfc  phenol  and  50  mole  %  acetic  anhydride  in  the  case  where  equilibrium  had  been  established  in  the 
system.  This  gives  reason  to  believe  that  the  exchange  reaction  goes  to  completion  when  mixtures  of  phenol  and  ace¬ 
tic  anhydride  are  heated. 

The  constants  found  iot  phenyl  acetate  make  it  possible  to  explain  the  shape  of  the  curves  of  all  of  the  studied 
properties  for  the  systems  where  equilibrium  had  been  established. 

The  starting  components,  phenol  and  acetic  anhydride,  have  very  close  density  values  at  50*  (1.044  and  1.040, 
respectively).  Because  of  this  the  density  isotherms  of  the  system  after  mixing  have  a  shape  that  very  closely  approx¬ 
imates  a  straight  line,  parallel  to  the  composition  axis.  The  densities  of  the  reaction  products  —  phenyl  acetate  and 
acetic  acid  —  are  already  quite  different  (1.043  and  1.016,  respectively  [8]).  Because  of  the  lower  density  of  the  ace¬ 
tic  acid,  the  densities  of  the  mixtures  should  with  progressing  reaction  always  be  lower  than  for  the  system  immediately 
after  mixing.  When  calculated  on  the  assumption  that  the  molecular  volumes  are  additive  (expressing  the  composi¬ 
tion  in  mole  %[11]),  the  density  of  a  1;  1  mixture  of  phenyl  acetate  and  acetic  acid  is  equal  to  1.034,  which  is  very 
close  to  the  experimentally  obtained  value  of  1.033. 

The  viscosity  values  of  a  mixture  of  50  mole*7o  phenyl  acetate  and  50  mole  ^  acetic  acid  at  50*  (1.174),  an' 
equimolar  mixture  of  phenol  and  acetic  anhydride  without  heating  (1.164),  and  the  same  mixture  after  heating  for 
6  hr  (1.181),  are  very  close.  A  theoretical  calculation  using  the  A.  B.  Zdanovskii  equation  [12],  which  makes  possible 
an  approximate  calculation  of  the  viscosity  of  mixtures  of  nonreacting  liquids  on  the  basis  of  their  density,  gives  a 
value  of  1.159.  This  explains  why  exchange  reaction  in  the  given  case  does  not  find  reflection  on  the  viscosity  dia  - 
grams.  The  gist  of  the  matter  is  that  the  change  in  the  viscosity,  produced  on  the  left-hand  side  of  the  diagram  when 
the  acetic  anhydride  is  replaced  by  an  equimolar  mixture  of  phenyl  acetate  and  acetic  acid,  is  exceedingly  small. 
Incidentally,  this  same  circumstance  also  explains  the  fact  that  in  the  region  of  0-50  mole  %  phenol  the  viscosity 
values  of  the  mixtures  with  established  equilibrium  are  hardly  different  from  the  viscosities  of  the  mixtures  immedi¬ 
ately  after  mixing.  On  the  right-hand  side  of  the  diagram  (50-100  %  phenol)  the  substantial  increase  in  the  viscosity 
due  to  the  phenol  masks  the  slight  changes  in  the  viscosity  occurring  as  the  result  of  the  formation  of  the  ester  and  the 
acid. 

The  decrease  in  the  refractive  index  values  of  the  mixtures  after  refluxing  is  explained  by  the  smaller  —  when 
compared  with  the  other  components  of  the  system  —  value  of  this  constant  for  acetic  acid  (1.3698  at  50*  [8]).  In  the 
last  two  columns  in  Table  5  we  have  given  the  calculated  values  of  the  refractive  index  for  systems  with  established 
chemical  equilibrium  on  the  assumption  that  the  reaction  went  to  completion.  The  calculation  was  based  on  the  as¬ 
sumption  that  the  refractive  indices  are  additive  when  the  composition  of  the  system  is  expressed  in  volume  percent. 

As  can  be  seen  from  the  data  in  Table  5,  the  divergence  between  the  experimental  data  and  the  calculated  does  not 
exceed  0.004,  which  is  commensurate  with  the  usual  divergences  obtained  when  using  the  equation  n  =  Zpxpnp,  where 
Xj  is  the  volume  percent.  These  divergences  must  be  acknowledged  to  be  all  the  more  insignificant  for  the  reason 
that  at  all  of  the  points  in  the  system,  with  the  exception  of  the  50. OC^^  mixture,  the  refractive  index  values  of  three 
substances  were  added. 

The  values  of  the  difference  in  the  refractive  indices  of  the  system  after  mixing  and  when  equilibrium  has  been 
established,  the  same  as  in  the  case  of  the  density,  give  a  direct  indication  of  the  ratio  of  the  substances  entering  into 
reaction. 

In  general,  it  should  be  mentioned  that  this  procedure  is  apparently  quite  general  in  the  case  where  the  exchange 
reaction  proceeds  with  time.  Thus,  judging  from  the  graphs  presented  in  [2]  (the  numerical  data  are  not  given),  the 
maxinmm  difference  in  the  viscosities  of  the  system  acetic  acid-ethyl  alcohol  for  mixtures  after  mixing  and  when 
equilibrium  has  been  established  also  exists  at  a  1:1  ratio. 

SUMMARY 

1.  The  methods  of  measuring  the  density,  viscosity  and  refractive  index  were  used  to  study  the  phenol— acetic 
anhydride  system  at  25  and  50". 

2.  A  study  of  the  properties  of  all  of  the  components  of  the  system  (starting  substances  and  reaction  products), 
and  also  measuring  the  properties  of  the  system,  lead  to  the  conclusion  that  under  the  chosen  experimental  conditions 
(heating  for  6  hr  at  100°)  the  exchange  reaction  goes  to  completion. 
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3.  On  the  com  position -property  curves,  only  the  density  and  molecular  volume  curves  give  direct  indication 
that  the  exchange  reaction  (CH^O)20  +  C5H5OH  =  CH3COOC6H5  +  CH3COOH  takes  place  in  the  system. 

4.  The  interaction  taking  place  in  the  system  is  recorded  clearly  by  the  curves  depicting  the  change  in  the 
difference  of  the  property  values  for  the  system  after  mixing  and  when  equilibrium  has  been  established  as  a  function 
of  the  composition  (for  the  density  and  refractive  index). 

5.  Taking  into  account  the  properties  of  the  starting  components  of  the  system  and  the  reaction  products,  an 
explanation  is  given  for  the  found  rules  regarding  the  shape  of  the  composition- property  curves. 
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FLUOROMETHYL  ESTERS  OF  SULFURIC  ACID 
I.  ELECTROCHEMICAL  FLUORINATION  OF  METHYL  CHLOROSULFONATE 

G.  A.  Sokol'skii  and  M.  A.  Dmitriev 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  706-710,  March,  1961 

Original  article  submitted  April  18,  1960 

In  recent  years  a  constantly  increasing  number  of  papers  is  devoted  to  the  chemistry  of  organic  fluorine  com  - 
pounds.  However,  compounds  of  the  type  of  acid  esters,  containing  fluorine  in  the  a- position  of  the  alkoxy  group, 
have  received  comparatively  little  study.  At  the  same  time,  these  compounds  could  possess  some  interest  as  fluoro  - 
alkylating  agents.  A  search  for  methods  of  obtaining  a- fluoro -containing  esters  of  sulfuric  and  sulfonic  acids  and  a 
study  of  their  chemical  properties  is  the  subject  of  this  and  subsequent  communications. 

It  was  postulated  that  the  fluoromethyl  esters  of  fluorosulfonic  acid  could  be  obtained  by  the  electrochemical 
fluorination  of  the  esters  of  sulfuric  and  halosulfonic  acids.  Such  an  assumption  was  based  on  the  fact  that  electro 
chemical  fluorination  is  one  of  the  mildest  ways  of  directly  introducing  fluorine  atoms  into  the  molecules  of  hydrogen- 
containing  organic  compounds  [1].  It  is  known  that  the  electrofluorination  of  sulfur -containing  organic  compounds 
was  investigated  only  on  the  examples  of  the  fluorination  of  carbon  disulfide  [2],  some  aliphatic  sulfides  and  disulfides 
[2, 3],  thioxane  and  dibutyl  sulfoxide  [3],  and  a  number  of  alkanesulfonyl  halides  [4].  In  this  paper  we  describe  the 
results  obtained  in  the  electrochemical  fluorination  of  the  methyl  ester  of  chlorosulfonic  acid. 

We  found  that  the  optimum  conditions  for  the  electrolysis  process  are;  electrolyte-8 -lOfVo  solution  of  methyl 
chlorosulfonate  in  liquid  hydrogen  fluoride,  a  difference  in  the  potentials  of  7  -  9  v,  ap  anodic  current  density  of 
0.006  -  0.008  ampAq  cm,  an  electrolyte  temperature  of  0  -  5°,  and  a  reflux  condenser  temperature  of  -10“.  A  mixture 
of  gaseous  products  is  obtained  under  these  conditions,  condensing  to  a  colorless  liquid  at  -78”.  Deviation  from  the 
given  conditions  is  accompanied  by  a  substantial  decrease  in  the  amount  of  condensate  and  the  predominant  forma¬ 
tion  of  fluoroform,  carbon  tetrafluoride,  sulfuryl  fluoride  and  fluorine  oxide;  at  higher  current  densities  (0.025  amp/sq 
cm)  the  destructive  decomposition  of  the  organic  components  bears  an  explosive  character. 

The  condensate  obtained  from  the  electrolysis  was  fractionated  through  a  low -temperature  column;  here  the 
first  fraction  consisted  of  two  individual  compounds,  one  of  which  was  isolated  in  the  free  state,  while  the  other  was 
dissolved  in  aqueous  caustic  and  proved  to  be  sulfuryl  fluoride.  The  electrochemical  fluorination  products  isolated 
from  50  g  (0.38  mole)  of  methyl  chlorosulfonate  and  their  mole  percent  in  the  gaseous  reaction  mixture  are  given  in 
the  table. 


TABLE 


Fluorination  product 

Amount  in 

moles 

Percent  conversion 

based  on  C 

based  on  S 

Hexafluorodimethyl  ether . 

0.0552 

28.9 

- 

Sulfuryl  chloride . 

0.2355 

61.5 

Pentafluorodimethyl  ether . 

0.0235 

12.3 

- 

Trifluoromethyl  fluorosulfonate . 

0.0857 

22.4 

22.4 

Tetrafluorodimethyl  ether . 

0.0279 

14.6 

- 

Difluoromethyl  fluorosulfonate . 

0.0553 

14.4 

14.4 

Total . 

- 

92.6 

98.3 

The  structure  of  the  obtained  difluoromethyl  fluorosulfonate  was  shown  by  the  fact  that  1  equiv.  of  carbon  mo- 
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noxide  is  evolved  when  a  weighed  saniple  of  this  compound  is  dissolved  in  aqueous  caustic  solution,  and  here  5  equivs. 
of  caustic  is  consumed;  the  solution  is  found  to  contain  3  equivs.  of  fluoride  ion  and  1  equiv.  of  sulfate  ion. 


CHF2-'0-S02-F  +  5NaOH-^CO  +  3NaF  +  Na2S04  +  3H2O 

The  trifluorometliyl  ester  of  fluorosulfonic  acid  is  completely  soluble  in  aqueous  caustic;  here  8  equivs.  of  caus¬ 
tic  is  consumed  and  the  solution  is  found  to  contain  4  equivs.  of  fluoride  ion  and  1  equiv.  of  sulfate  ion. 

CF3-O-SO2-F  +  8NaOH  4NaF  +  Na2S04  +  Na^CO, 

The  formation  of  these  products  in  the  electrofluorination  is  evidence  of  the  fact  that  a  stepwise  fluorination  of 
the  methyl  fluorosulfonate  takes  place  during  the  electrolysis. 

*}W  21**  SF* 

CH3-0-SO2-F  CII2F-0-SO2-F  CHF2-0-SO2-F 

— ►  CF3-O-SO2— F 


The  evolution  of  the  comparatively  high  boiling  difluoromethyl  fluorosulfonate  (b.p.  +34°)  from  the  electrolyte 
bath  is  probably  explained  by  the  limited  solubility  of  the  compound  in  hydrogen  fluoride  and  its  removal  from  the 
electrolyte  in  the  stream  of  the  lower  boiling  fluorination  products.  The  absence  of  monofluoromethyl  fluorosulfonate 
in  the  reaction  products  is  apparently  due  to  the  relatively  low  vapor  pressure  of  this  compound,  as  a  result  of  which 
it  fails  to  be  removed  from  the  reaction  zone  and  is  subjected  to  further  transformation. 

Along  with  the  main  fluorination  process  there  occurs  a  destructive  decomposition  of  the  formed  fluoro- substi¬ 
tuted  esters  of  fluorosulfonic  acid;  the  decomposition  products  ate  the  fluorinated  dimethyl  ethers,  sulfuryl  fluoride 
and  fluorine  oxide,  for  example: 


CFa-O-SOa-F-fF.  -♦  CF3-O. -|- SO2F2 
CFa-O-SOa-F-fSF.  CF3. SO2F2 -f- OFj 
CF3-O.  +CF3.  — P.  GF3-O-CF3. 


Also  not  excluded  is  the  formation  of  fluorinated  methanes,  which  is  indicated  by  some  difference  in  the  con¬ 
version  based  on  carbon  and  on  sulfur  (see  table),  and  also  by  the  difference  in  the  amount  of  hydrogen  evolved  in  the 
cathode  compartment,  when  the  amount  of  hydrogen  actually  collected  is  compared  with  the  calculated  value  (79.0 
and  75.5  liters,  respectively). 


EXPERIMENTA  L 

The  electrolysis  was  run  in  a  square  steel  cell  using  nickel  anodes  and  iron  cathodes  as  plate  electrodes;  the 
cell  volume  was  600  ml,  and  the  surface  area  of  the  anode  was  1200  sq  cm. 

A  solution  of  50  g  of  methyl  chlorosulfonate  in  500  ml  of  commercial  liquid  hydrogen  fluoride  was  placed  in 
the  cell  and,  with  cooling  to  0-5°,  was  subjected  to  electrolysis  at  a  current  strength  of  9.5  amp  and  a  potential  dif¬ 
ference  of  7  V.  The  escaping  gases  were  passed  in  sequence  through  a  reflux  condenser,  cooled  to  -10°,  a  U-shaped 
copper  tube,  filled  with  800  g  of  fused  potassium  fluoride  mixed  with  copper  turnings,  and  then  were  condensed  in  two 
traps  placed  in  series,  cooled  respectively  to  -78°  and  -100°.  The  uncondensed  gases  were  passed  through  a  column 
filled  with  phosphorus  pentoxide,  a  safety  bottle  filled  with  glass  beads,  a  wash  bottle  containing  acidified  potassium 
iodide  solution,  and  finally  were  collected  in  a  gas  holder. 

During  electrolysis  a  colorless  liquid  condensed  in  the  traps;  elemental  iodine  deposited  on  the  bottom  of  the 
wash  bottle;  hydrogen  collected  in  the  gas  holder.  Toward  the  end  of  electrolysis  the  p>otential  difference  was  in¬ 
creased  to  9  V,  while  the  current  strength  was  reduced  to  6  amps.  The  electrolysis  was  stopped  when  crackling  and 
knocking  developed  in  the  cell.  After  the  passage  of  182  ampere-hours  we  collected:  in  the  two  traps  about  45  ml 
of  condensate  and  in  the  gas  holder  about  79  liters  of  hydrogen.  About  380  ml  of  reaction  mixture  remained  in  the 
cell;  the  bottom  of  the  cell,  the  walls  of  the  jacket  and  the  cathode  plates  proved  to  be  covered  with  a  green  deposit. 

The  condensate  was  fractionated  through  a  low -temperature  column,  where  the  following  fractions  were  isolated: 

1st,  b.p.  -60  to  -55°,  31.6  g;  2nd,  b.p.  -37  to  -34°,  3.2  g;  3rd,  b.p.  -9  to  -7°,  14.4  g;  4th,  b.p.  3-5°,  3.3  g;  5th, 
b.p.  33-35°,  8.3  g.  The  total  amount  of  Intermediate  fractions  was  3.7  g. 
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The  Ist  fraction  was  a  gas  that  condensed  to  a  colorless  liquid.  Partial  solution  was  observed  when  the  gas  was 
bubbled  slowly  through  l(fh  aqueous  NaOH  solution.  The  increase  in  the  weight  of  the  caustic  solution  was  23.0  g. 

The  portion  insoluble  in  the  caustic  solution  weighed  8.5  g  and  was  a  gas  that  could  be  condensed  to  a  colwless  liquid 
with  b.p.  -60  to  -59*.  This  material  {mved  to  be  hexafluorodimethyl  edier. 

Found  1o:  F  73.52.  M  152.2.  CjOF*.  Calculated  %  F  74.00.  M  154.0. 

The  boiling  point  given  in  the  literature  for  hexafluorodimethyl  ether  is  -59". 

The  amount  of  fluorine  in  the  caustic  solution  was  determined  argentometrically  (through  lead  chloride  fluoride), 
while  the  amount  of  sulfur  was  determined  gravimetrically  (by  precipitation  with  barium  chloride  after  long  boiling 
of  the  acidified  solution).  The  dissolved  gas  proved  to  be  sulfuryl  fluoride. 

Found  g:  F  8.21;  S  6.88.  SOiF,.*  Calculated  g:  F  8.56;  S  7.21. 

The  boiling  point  given  in  the  literature  for  sulfuryl  fluoride  is  -55.4*. 

The  2nd  fraction  was  an  inert  gas  that  could  be  condensed  to  a  colorless  liquid  widi  b.p.  -36  to  -35*.  It  proved 
to  be  pentafluorodimethyl  ether. 

Found‘d;  C  17.41;  F  70.20.  M  137.5.  CjHOFs.  Calculated*^:  C  17.65;  F  69.98.  M  136.0. 

The  3rd  fraction  was  a  gas  with  a  sharp  initating  odor  that  could  be  condensed  to  a  heavy  colorless  liquid  with 
b.p.  -8.5  to  -8*  This  material  proved  to  be  trifuloromethyl  fluorosulfonate. 

Found  %  C  7.32;  F  45.83;  S  18.76.  M  166.0.  CO3F4S.  Calculated  %  C  7.14;  F  45.25;  S  19.06.  M  168.1. 

Trifluoromethyl  fluorosulfonate  is  insoluble  in  water  and  is  slowly  hydrolyzed  by  it.  When  a  weighed  sample  of 
the  compound  was  dissolved  in  O.IN  NaOH  solution  the  amount  of  caustic  consumed  was  7.94  equivs.  (determined  by 
titration  with  acid  to  phenolphthalein)  and  the  solution  was  found  to  contain  4.03  equivs.  of  fluoride  ion  (determined 
thoriometrically)  and  0.94  equiv.  of  sulfate  ion  (determined  gravimetrically). 

The  4th  fraction  was  an  inert  gas  that  condensed  to  a  colorless  liquid  with  b.p.  4-5*  and  proved  to  be  tetrafluoro- 
dimethyl  ether. 

Found <^0:  C  19.98;  H  1.90;  F  64.03.  M  119.2.  C2HjOF4.  Calculated*^;  C  20.35;  H  1.69;  F  64.40.  M  118.0. 

The  5th  fraction  was  a  heavy  mobile  liquid  with  a  sharp  irritating  odor,  b.p.  34-34.5*,  d®  1.5668,  and  n^  1.299. 
This  material  proved  to  be  difluromethyl  fluorosulfonate. 

Found *yo:  C  8.20;  F  38.52;  S  20.99.  M  148.5;  MR  17.86.  CHOjFjS.  Calculated*^:  C  8.00;  F  38.00;  S  21.38. 

M  150.1;  MR  17.98. 

Difluoromethyl  fluorosulfonate  is  readily  soluble  in  organic  solvents  and  is  vigorously  hydrolyzed  by  water  with 
the  evolution  of  carbon  monoxide  (test  with  palladium  chloride).  When  a  weighed  sample  of  the  compound  was  dis¬ 
solved  in  O.IN  NaOH  solution  there  was  evolved  0.95  equiv.  of  carbon  monoxide  (determined  volumetrically),  5.03 
equivs.  of  caustic  was  consumed  (determined  by  titration  with  acid  to  phenolphthalein),  and  the  solution  was  found 
to  contain  3.03  equivs.  of  fluoride  ion  (determined  thoriometrically)  and  0.96  equiv.  of  sulfate  ion  (determined  gravi¬ 
metrically). 


SUMMARY 

A  study  was  made  of  the  electrochemical  fluorination  of  methyl  chlorosulfonate  and  the  difluoromethyl  and 
trifluoromethyl  esters  of  fluorosulfonic  acid  were  obtained. 
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In  [1-3]  we  had  shown  that  the  change  in  the  polarity  of  the  complexes  of  zirconium  tetrahalides  with  esters 
and  with  dioxane  in  the  series  zirconium  chloride— bromide— iodide  bears  a  complex  character;  the  exp)ected  regular 
decrease  in  the  p>olarity  of  the  complexes  is  not  observed  here.  For  the  complexes  of  titanium  tetrahalides  with  diox¬ 
ane  a  regular  decrease  in  the  polarity  also  fails  to  be  observed  in  this  series.  In  contrast,  for  the  complexes  of  tin 
tetrahalides  with  dioxane  a  monotonic  decrease  in  the  polarity  is  observed  in  the  series  tin  chloride -bromide -iodide. 
According  to  our  previous  data,  the  polarity  of  the  complexes  of  tin  tetrahalides  with  diethyl  ether  in  benzene  also 
shows  a  sharp  and  regular  decrease  in  the  series  tin  chloride— bromide— iodide.  In  general,  the  reaction  of  ether  with 
tin  iodide  is  not  reflected  on  the  polarization  value.  As  a  result,  in  the  series  metal  chloride— bromide -iodide  a  def¬ 
inite  difference  in  the  change  in  the  complex-formation  properties  is  observed  between  a  member  of  the  major  sub¬ 
group  in  Group  IV  of  the  periodic  system  — tin  (the  other  members  of  the  tin  subgroup  have  not  been  systematically 
studied  in  this  respect)— and  the  members  of  the  minor  subgroup  in  the  same  group- titanium  and  zirconium. 

In  the  present  paper  a  study  was  made  of  the  polar  properties  of  the  complexes  of  titanium  chloride,  bromide, 
and  iodide  with  some  acetic  acid  esters  in  benzene.  The  method  of  study  and  the  preparation  and  constants  of  the 
reactants  used  were  described  earlier  [3-5]. 

The  Debye  equation  was  used  to  compute  the  dipole  moments.  The  electronic  polarization  was  taken  equal  to 
the  molecular  refraction,  which  was  calculated  as  the  sum  of  the  molecular  refractions  of  the  components  entering 
into  the  composition  of  the  complex.  The  atomic  polarization  was  taken  equal  to  157®  of  the  electronic  polarization. 
All  of  the  measurements  were  made  at  20“  ±  0.1°. 

The  data  on  the  dielectric  polarization  of  the  investigated  complexes  are  given  in  Tables  1-10  and  plotted  in 

Fig.  1. 

A  comparison  of  the  data  (mi  the  polarity  of  the  complex  TICI4  •  CH3COC)C2H5  (Table  1)  with  the  data,  given 
in  a  paper  by  one  of  us  [6],  on  the  polarity  of  the  complexes  of  TiCl4  with  other  esters  leads  to  the  conclusion  tliat 
the  p>olarity  of  the  complex  decreases  substantially  with  increase  in  the  size  of  the  acid  radical  in  the  ester  (going 
from  acetate  to  butyrate).  A  similar  phenomenon  was  discovered  by  us  earlier  for  the  complexes  of  zirconiun* 
halides  [1,  2,  5]. 

A  decrease  in  the  polarization  of  the  complex  TiCl4  •  2CH3COC)C2ii5  v/ith  dilution  of  the  benzene  solution  in¬ 
dicates  substantial  dissociation  of  the  complex  in  benzene  at  concentrations  below  a  mole  fraction  of  0.01.  Never¬ 
theless,  a  comparison  of  the  data  given  in  Tables  1  and  2  (also  see  Fig.  1)  enables  making  the  definite  conclusion  that 
TiCl4  in  benzene  solution  also  reacts  with  a  second  molecule  of  the  ester,  in  which  connection  the  addition  of  the 
second  molecule  leads  to  a  substantial  increase  in  the  polarity.* 

The  polarization  values  of  the  compounds  TiBr4*CH3COOC2H5,  TiBr4  •CH3COC)C3H7,  and  TiBr4'  iso-CH^CXX^sHu 
(Tables  3-5)  indicate  that  these  compounds  begin  to  show  noticeable  dissociation  at  concentrations  below  a  mole 
fraction  of  0.005. 

•The  data  given  in  the  literature  on  the  polarity  of  molecular  compounds  of  titanium  tetrachloride  are  only  for  the 
1 :  !•  composition  [6, 7].  We  were  the  first  to  measure  the  polarity  of  compounds  having  a  1 :  2  composition. 
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In  examining  the  data  on  the  polarity  of  noticeably  dissociating 
complexes  we  took  the  following  into  consideration:  it  is  obvious  that 
with  sufficiently  pure  reagents  and  accurate  measurements  a  decrease 
in  the  polarization  with  dilution  at  such  small  concentrations  can  be 
caused  only  by  a  dissociation  of  the  complex  into  less  polar  compo  * 
nents.  With  a  substantial  dissociation  of  the  complex,  the  formal 
graphical  extrapolation  to  infinite  dilution  leads  to  a  highly  arbitrary 
value  of  Poo,  depending  strongly  on  the  minimum  solution  concentra  - 
tions  at  which  the  measurements  were  made. 

If  the  dissociation  of  the  complex  begins  to  affect  its  polariza  - 
tion  value  only  at  very  small  concentrations,  then  for  extrapolation  to 
infinite  dilution  it  is  more  rational  to  limit  oneself  to  the  points,  the 
position  of  which  is  only  slightly  affected  by  the  dissociation.  With  a 
stronger  dissociation  (the  complexes  of  zirconium  iodide  in  the  present 
paper- Tables  8-10),  it  is  more  rational  to  compare  the  curves  expres¬ 
sing  the  relationship  between  the  polarization  of  the  complexes  and  the 
concentration  (Fig.  1). 


Fig.  1.  Dependence  of  the  polarization  val¬ 
ues  of  titanium  complexes  on  the  concentra¬ 
tion  in  benzene  solution.  1)  TiCl*' 

•Cl laCO^Czl l5,2)TiCl4  •  2CH3C0/:2H5,  3) 
TiBr4-CHjCO/:2ll5.  4)  TiBr^  •CH3CO2C3H7, 
5)  TiBr4-iso-CH3COiC5Hii.  6)  TiBr4  • 
•2CHiC02C2H5.  7)  TiBr4  •  iso-CHaCOjCgHii, 
8)  Til4-CH3C02C2H5,  9)  Til4  * 

•  iso-Cll^O^CsHii,  10)  Tilt*  2CH3CO2C2H5. 


At  concentrations  above  0.005  mole  fraction  the  polarization  of 
the  complexes  TiBr4*CH^C)OC2H5,  TiBr4*CHjCOOC3H7,  and  TiBr4‘ 

•  iso-CHsCCIOCsHu  changes  lineraly  with  change  in  the  concentration. 
To  obtain  the  values  of  Poo  we  limited  ourselves  to  the  points  corres  - 
ponding  to  concentrations  exceeding  0.005  mole  fraction.  The  values 
of  the  dipole  moments  obtained  in  this  manner  are  equal  to  5.12  D  for 
TiBr4-CH3COOC2H5,  5.09  D  for  TiBr4  *CH3CCXX:3H7  and  4.98  D  for 
TiBr4’ iso-CH^OOQHy.  These  data  make  it  possible  to  conclude 
that  for  esters  of  1 : 1  composition,  first  the  transition  from  titanium 


chloride  to  the  bromide  is  almost  without  effect  on  their  polarity  and, 
second,  the  length  of  the  alcohol  radical  does  not  exert  substantial  influence  on  the  stability  and  polarity  of  the  com¬ 
plexes  (the  decrease  in  the  dipole  moment  with  increase  in  the  size  of  the  alcohol  radical  is  hardly  outside  the  limits 
of  experimental  error). 


TABLE  1.  Complex  TiCl4 * CHjC(XX32H5  in 
Benzene,  Poo  =  590  cm®,  p  =  5.03  D 


TABLE  2.  Complex  TiCl4  •  XHiCOOC2H5 
in  Benzene 


c. 

mole  fraction 

d,*® 

P,  cm® 

0.0323 

3.265 

0.9226 

420 

0.0266 

3.152 

0.9148 

454 

0.0208 

2.992 

0.9070 

482 

0.0147 

2.804 

0.8986 

512 

0.00842 

2.593 

0.8900 

545 

0.00371 

2.432 

0.8835 

568 

0.00140 

2.346 

0.8804 

574 

c,  mole 
fraction 

_  .  . 

•10 

P,cm® 

0.03290 

4.958 

0.9263 

850 

0.02500 

4.260 

0.9144 

902 

0.01603 

3.459 

0.9018 

936 

0.00846 

2.838 

0.8910 

926 

0.00638 

2.678 

0.8876 

900 

0.00419 

2.530 

0.8846 

874 

The  possibility  of  studying  the  polarity  of  the  titanium  iodide  complexes  is  limited  by  their  low  solubility  in 
benzene.  The  data  for  the  complexes  Til4-  CH3COOC2H5  andTil4  •  iso-CH3COC)C5Hy  (Tables  8  and  9,  Fig.  1)  show 
that  the  polarity  of  the  1 : 1  complexes  decreases  noticeably  in  going  from  titanium  chloride  and  bromide  to  the  io¬ 
dide.  In  contrast  to  this,  for  the  complex  Til4-  2CH3COOC2H5  the  curve  expressing  the  dependence  of  the  polariza  - 
tion  on  the  concentration  practically  merges  with  the  analogous  curve  for  TiBr4*  2CH3COCXi:2H5  (Fig.  1).  The  polarity 
of  the  complexes  of  composition  Ti^’CHjCOOR  decreases  somewhat  with  increase  in  the  size  of  the  alcohol  radical. 

To  obtain  more  accurate  values  of  the  dipole  moments  for  the  complexes  TiCl4  *  2CH3CC)OC2H5  and  TiBr4* 

*  2CH/;;00C2H5  (their  calculation  using  the  data  in  Tables  2  and  6  is  complicated  by  dissociation),  we  made  use  of 
the  method  of  adding  an  excess  of  the  second  component -ethyl  acetate.  In  Tables  11  and  12  we  have  given  the  re¬ 
sults  obtained  for  solutions  containing  ethyl  acetate  in  an  amount  twice  that  needed  to  form  the  1 :  2  complexes. 
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TABLE  3.  Complex  TiBr4  •  CH^OOCaHg  in  TABLE  4.  Complex  TiBr4*CH^OOC3H7 

Benzene,  =  620  cm’,  p  =  5.12D.  in  Benzene,  ?«  =  620  cm’,  p  =  5.09D. 


c,  mole 
fraction 

■to 

d.*® 

P,  cm’ 

c,  mole  frac¬ 
tion 

•m 

P,  cm’ 

0.01176 

2.700 

0.9142 

530 

0.01277 

2.758 

0.9175 

555 

0.00839 

2,589 

0.9040 

552 

0.00776 

2.582 

0.9023 

583 

0.00596 

2.510 

0.8967 

575 

0.00518 

2.484 

0.8944 

590 

0.00398 

2.437 

0.8907 

583 

0.00311 

2.405 

0.8879 

593 

0.00239 

2.374 

0.8856 

567 

0.00207 

2.363 

0.8847 

574 

0.00159 

2.340 

0.8833 

516 

0.00103 

2.320 

0.8816 

489 

TABLE  5.  Complex  TiBr4  •  iso-CHjCOOCsHu 
in  Benzene,  Poo  =  606  cm’,  p  =  4.98D. 


c,  mole 
fraction 

•10 

d,*> 

P,  cm’ 

0.01349 

2.747  ■ 

0.9191 

532 

0.00900 

2.603 

0.9054 

5.56 

0.00540 

2.482 

0.8947 

577 

0.00316 

2.400 

0.8879 

575 

0.00179 

2.344 

0.8840 

510 

TABLE  7.  Complex  TiBr4‘2  iso-CHjCOOCsHjj 
in  Benzene 


c,  mole 
fraction 

•w 

d.“ 

P,  cm’ 

0.01435 

3.188 

0.9224 

904 

0.00957 

2.845 

0.9078 

888 

0.00622 

2.623 

0.8973 

857 

0.00383 

2.477 

0.8901 

810 

0.00239 

2.394 

0.8856 

746 

TABLE  6.  Complex  TiBr4 •  XH^COOCzHg 
in  Benzene 


c,  mole 
fraction 

»»0 

d,*> 

P,  cm’ 

0.02510 

4.262 

0.9590 

904 

0.02098 

3.845 

0.94.59 

908 

0.01400 

3.224 

0.9230 

905 

0.(K)911 

2.845 

0.9075 

886 

0.00559 

2.604 

0.8964 

856 

0.00279 

2.425 

0.8874 

774 

TABLES.  Complex  Til4-CH^C)OC2H5 
in  Benzene 


c,  mole 
fraction 

•10 

d.*> 

P,  cm’ 

0.00259 

2.359 

0.8912 

453 

0.00173 

2.327 

0.8869 

380 

0.00104 

2.309 

0.8836 

335 

0.000692 

2.301 

0.8820 

299 

TABLE  9.  Complex  Til4*  iso-CH^OOCsHji 
in  Benzene 


c,  mole 
fra9tion 

d,« 

P,  cm’ 

0.00253 

2.345 

0.8904 

404 

0.00169 

2.321 

0.8865 

355 

0.00101 

2.304 

0.8833 

292 

0.000669 

2.299 

0.8818 

279 

TABLE  10.  Complex  Til4-  2CH^OOC2H5 
in  Benzene 


c,  mole 

fraction 

•» 

d.*» 

P,  cm’ 

0.00440 

2.521 

0.8996 

835 

0.00294 

2.431 

0.8928 

780 

0.00176 

2.364 

0.8870 

706 

0.00117 

2.322 

0.8841 

499 

The  polarization  of  the  complexes  was  calculated  on  the  assumption  that  only  two  molecules  of  ester  react  with 
one  molecule  of  the  halide. 

The  polarization  of  ethyl  acetate  in  benzene  was  taken  equal  to  94  cc. 

The  values  of  the  dipole  moments  obtained  for  the  complexes  TiCl4*  XH3COOC2H5  and  TiBr4’  2CH3COOC2H5, 
namely  6.65  and  6.46  D,  again  testify  to  the  fact  that  going  from  titanium  chloride  to  the  bromide  exerts  very  little 
influence  on  the  polarity  of  the  complexes.  The  technique  of  adding  an  excess  of  the  second  component  cannot  be 


653 


used  for  the  complex  Til4’ 2CH3C(X)C2H5,  since  tarring  begins  when  excess  ester  is  added  to  a  benzene  solution  of 
this  complex. 


TABLE  11.  Complex  TiCl4*2CH3COC)C2H5  TABLE  12.  Complex  TiBr^*  2CH3COOC2H5 

in  Benzene  with  Excess  Ethyl  Acetate,  in  Benzene  with  Excess  Ethyl  Acetate, 

P  =  1010  cm*,  |i  =  6.65D.  Poo  =  968  cm*,  fi  =  6.46D. 

•0 


c, 

complex 

C  t 

free  ethyl 
acetate 

•m 

d.*» 

HB 

•10 

D 

P,cm* 

0.0242 

0.0484 

4.661 

0.9144 

913 

0.0249 

0.0498 

4.742 

0.9601 

913 

0.0209 

0.0418 

4.281 

0.9095 

936 

0.0211 

0.0422 

4.241 

0.9478  1 

920 

0.0168 

0.0336 

3.791 

0.9034 

945 

0.0169 

0.0338 

3.764 

0.9338 

934 

0.0112 

0.0224 

3.213 

0.8950 

959 

0.0122 

0.0244 

3.277 

0.9184 

937 

A  comparison  of  the  data  in  Tables  2  and  11,  6  and  12  leads  to  still  another  important  conclusion.  The  addition 
of  excess  ethyl  acetate  to  the  complexes  TiCl**  2CHSCOOC2H5  and  TiBr4  *  2CHjCOOC2H5  causes  only  a  very  slight  in¬ 
crease  in  the  polarity,  determined  by  a  suppression  of  the  dissociation  of  these  complexes.  At  concentrations  above 
0.02  mole  fraction  this  increase  is  hardly  outside  the  limits  of  experimental  error.  Consequently,  the  dielectric  polar¬ 
ization  method  does  not  show  that  TiCl*  and  TiBr4  react  with  more  than  two  molecules  of  ester.  Using  the  same 
method,  an  analogous  fact  was  established  by  us  earlier  [8]  for  zirconium  tetrachloride. 

The  shape  of  the  curves  expressing  the  dependence  of  the  p>olarization  of  the  investigated  complexes  on  their 
concentration  enables  making  some  conclusions  relative  to  the  tendency  of  the  1 ;  1  and  1 :  2  complexes  of  the  titan¬ 
ium  halides  to  dissociate  in  benzene.  For  the  1 : 1  and  1 :  2  complexes  of  TiCl4  and  TiBr4  and  for  the  1 :  2  complex  of 
Till  this  tendency  is  of  the  same  order.  For  the  1 : 1  complexes  of  Til*  this  tendency  is  somewhat  greater.  Attention 
is  also  drawn  to  the  fact  that  the  difference  in  the  tendency  to  cleave  the  first  and  second  ftiolecules  of  the  ester  in 
the  case  of  the  TiHaVi*  2E  complexes,  which,  as  was  shown  earlier  [9],  do  not  lose  the  second  molecule  of  the  ester 
even  at  very  low  concentrations,  capable  of  being  determined  either  cryoscopically  or  dielectrometrically. 

A  comparison  of  the  polarity  of  the  1 ;  1  and  1 ;  2  complexes  of  the  titanium  halides  leads  to  the  conclusion  that 
all  of  the  studied  1 ;  2  complexes  have  the  cis- structure. 

The  following  may  be  said  regarding  the  general  character  of  the  changes  in  tne  poSrity  of  the  complexes  in 
the  series  titanium  chloride- bromide— iodide.  Of  the  four  transitions -from  chloride  to  bromide  and  from  bromide 
to  iodide  for  the  1 ;  1  and  1 :  2  complexes— only  one  (from  bromide  to  iodide  for  the  1 : 1  complexes)  leads  to  a  dis  - 
tinct  decrease  in  the  polarity.  In  general,  the  other  three  transitions  either  do  not  cause  a  decrease  in  the  polarity, 
or  else  this  decrease  is  very  small. 

As  a  result,  the  experimental  data  given  in  the  present  pap)er  again  confirm  the  existence  of  a  definite  difference 
in  the  change  of  the  complex -forming  properties  of  metal  halides  in  the  series  chloride— bromide— iodide  between  the 
metals  of  the  tin  and  titanium  subgroups. 

From  the  standpoint  of  steric  hindrance— a  screening  of  the  central  atom  of  the  halide  atoms— some  sort  of  reg¬ 
ular  decrease  in  the  complex-forming  properties  should  be  observed  in  the  series  metal  chloride- bromide- iodide. 

Such  could  be  expected  reasoning  from  the  fact  that  in  this  series  the  acceptor  properties  of  the  central  atom  should 
decrease  in  connection  with  a  decrease  in  the  attraction  of  the  electrons  toward  the  halogen  atoms  and  a  reduction  of 
the  electrons  toward  the  halogen  atoms  and  a  reduction  in  the  effective  positive  charge  on  the  central  atom.  Actually, 
this  rule,  clearly  expressed  in  the  case  of  tin,  is  not  characteristic  for  the  metals  of  the  titanium  subgroup.  Tin,  titan¬ 
ium  and  zirconium  have  close  electronegative  values  [10]:  1.8,  1.6,  and  1.5,  respectively.  Their  covalent  radii  are 
respectively  equal  to  1.40,  1.28,  and  1.48  A  [11].  Tin  occupies  an  intermediate  position  between  titanium  and  zir¬ 
conium  as  regards  the  value  of  its  covalent  radius.  All  of  this  causes  us  to  seek  the  reason  for  the  above  mentioned 
difference  between  the  properties  of  the  elements  of  the  titanium  and  tin  subgroups  in  the  difference  in  the  electronic 
configurations  of  the  elements  of  these  subgroups.  In  contrast  to  tin,  the  elements  of  the  titanium  subgroup,  due  to 
the  presence  of  unfilled  d-orbitals  in  the  penultimate  layer,  can  accomplish  transition  to  the  hexavalent  state  with 
different  electronic  configurations.  Lack  of  data  pertaining  to  the  energy  levels  of  the  elements  of  the  titanium  sub- 
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group  and  the  difficulty  of  quantitatively  estimating  steric  hindrance  in  the  formation  of  the  complexes  (hindrance 
that  increases  in  the  order  metal  chloride -bromide -iodide)  do  not  permit  making  a  reliable  conclusion  regarding 
the  superiority  of  different  configurations.  It  is  only  possible  to  theorize  that  the  reason  for  the  discussed  difference 
in  the  complex -forming  properties  of  the  metal  halides  of  the  titanium  and  tin  groups  lies  specifically  in  the  presence 
of  unoccupied  d -orbitals  for  the  elements  of  the  titanium  subgroup,  as  a  result  of  which  some  type  of  electronic  con¬ 
figuration  can  be  achieved  depending  on  its  energy  advantages,  determined  in  part  by  the  steric  .conditions  prevailing 
in  the  formation  of  the  complex. 

SUMMARY 

A  study  was  made  of  the  polarity  of  the  complexes  TiCl4*CHjCOOC2H5,  TiCl4’ 2CH3COOC2H5,  TiBr4* 

•  CH3COOC2H5,  TiBr4-CH/:OOC3H7,  TiBr4*  iso-CH^iXCsHn,  TiBr4 •  XH^OOCjHg,  TiBr4‘2  iso-CHjCOOCsHu, 

Til4  -CHaCOOCzHs,  Til4  *  iso-GHjCOOCgHii  and  Til4*  2CH3COOC2H5  in  benzene. 

It  was  established  that  the  addition  of  a  second  molecule  of  ethyl  acetate  to  complexes  of  composition  TiHal4  • 

•  CH3CC)0C2H5  leads  to  a  sharp  increase  in  the  polarity,  which  indicates  that  1 :  2  complexes,  having  a  c is -structure, 
are  formed.  The  dielectric  permeability  method  does  not  show  that  TiCli  and  TiBr4  react  with  more  than  two  mole¬ 
cules  of  the  ester  in  benzene. 

Increasing  the  length  of  the  alcohol  radical  in  the  ester  does  not  have  much  effect  on  the  stability  and  polarity 
of  the  complexes  with  titanium  bromide. 

A  regular  decrease  in  the  polarity  of  the  complexes  in  the  series  titanium  chloride— bromide— iodide  is  not 
observed. 
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As  is  known,  in  the  nitration  of  benzene  and  its  nitro  derivatives,  products  are  formed  that  are  capable  of  react¬ 
ing  with  each  other.  An  elucidation  of  this  interaction  can  be  accomplished  by  studying  a  number  of  systems,  formed 
by  the  initial  and  final  products,  employing  physicochemical  analysis  methods  and,  in  particular,  thermal  analysis'. 

In  industry  the  finished  nitrobenzene  is  analyzed  for  the  amount  of  unreacted  benzene,  tars  and  m-dinitroben - 
zene  present  [1].  Several  percent  of  the  ortho  and  para  isomers  is  formed  in  the  production  of  m- dinitrobenzene,  which 
has  some  effect  on  the  properties  of  the  latter.  Based  on  the  thermal  analysis  data,  the  isomers  form  a  mechanical 
mixture  [2-5].  The  present  paper  is  a  continuation  of  our  studies  on  the  reaction  of  nitro  derivatives  of  benzene  in 
connection  with  a  study  of  the  mechanism  of  the  direct  nitration  of  m- dinitrobenzene  to  1, 3, 5 -trinitrobenzene  [6]. 

EXPERIMENTAL 

Tlie  starting  substances  were  purified  in  the  following  manner.  "Thiophene  free"  benzene  was  distilled  and  ■5. 
frozen  several  times,  taking  the  fraction  with  b.p.  80.2  -  80.5*  and  m.p.  5.3*. 

The  nitrobenzene  was  distilled  and  frozen  several  times.  The  fraction  with  b.p.  210  -  211°  and  m.p.  5.7°  was 
taken.  The  m- dinitrobenzene  was  recrystallized  several  times  from  alcohol,  and  had  m.p.  90°. 

The  visual- poly  thermal  method  using  a  Pt-AuPd  thermocouple  was  employed  to  measure  the  temperatures  of 
the  start  of  crystallization.  The  apparatus  of  M.  A.  Klochko  and  M.  Sh.  Kurbanov  [7]  was  used  when  operating  at 
temperatures  below  0°.  Each  experimental  point  was  determined  using  a  separate  sample  (10  g).  Vigorous  stirring 
was  employed  to  avoid  supercooling.  In  recording  the  thermograms  of  some  of  the  melts  on  the  pyrometer  we  made 
use  of  the  micro  method  developed  in  our  laboratory  [8]. 

System  benzene- nitrobenzene.  The  individual  points  of  the  system  were  studied  in  previous  papers 
[9-12].  The  entire  system  was  studied  by  Dahms  [13],  and  according  to  his  data  the  components  form  a  eutectic  mix¬ 
ture  (48.7  mole  °]o  nitrobenzene)  with  m.p.  -24.58°.  Linard  [14]  studied  the  benzene  branch  up  to  42  mole *70  nitro¬ 
benzene,  and  the  nitrobenzene  branch  up  to  34.5  'mole^o  benzene.  The  portion  of  the  diagram  in  the  vicinity  of  the 
eutectic  point  was  not  studied  by  this  author.  Data  on  investigating  the  transformations  in  the  system  benzene-nitro¬ 
benzene  below  the  solidus  temperature,  needed  to  study  the  intermediate  reaction  products,  are  lacking  in  the  litera¬ 
ture. 


The  results  of  our  investigations  are  given  in  Table  1*  •  and  plotted  in  Fig.  1.  The  system  is  characterized  by 
a  single  eutectic  with  m.p.  -25°  at  48.75  mole *70  nitrobenzene.  Our  results  coincide  with  the  data  of  Dahms  and 
Linard.  Recording  the  thermograms  of  a  number  of  mixtures  on  the  pyrometer  revealed  both  the  absence  of  solid  solu 
tions  in  the  system  and  of  any  transformations  in  the  solid  state. 

System  nitrobenzene  ~  m-dinitrobenzene.  According  to  the  data  of  Lemstedt  [15],  the  compo¬ 
nents  of  this  system  form  a  congruently  melting  compound  of  composition  2CeH5N02’C6H|(N02)2  with  m.p.  23.5°. 
Hammick  and  coworkers  [16]  found  in  the  system  an  incongruently  melting  compound  of  composition  CeH5N02' 

•  C6H4(N02)2  with  m.p.  about  26°.  Earlier  the  system  had  been  studied  by  one  of  us  [6]  employing  the  visual-poly- 


•  Presented  at  the  Fourth  All-Union  Conference  on  Physicochemical  Analysis,  Moscow,  1960. 

•  •For  the  sake  of  brevity,  all  of  the  experimental  points  are  not  given  in  Tables  1-3. 
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thermal  method.  From  the  crystallization  curve  it  was  established  that  a  congruently  melting  compound  of  composi 
tion  3C6H5N02‘C6H4(N02)2  with  m.p.  21"  is  formed  in  the  system. 


TABLE  1.  System  Benzene- Nitrobenzene 


CeHsNO, 

(mole*?^) 

Temperature 

C6H5NO2 

(mole%) 

Temperature 

of  start  of 
crystalli¬ 
zation 

ofcrystalli- 
zation  of 
eutectic 

of  start  of 
crystalli  - 
zation 

ot  crystalli¬ 
zation  of 
eutectic 

0.00 

5.30 

51.38 

-23..5° 

-25.5° 

1.52  • 

4.0 

—28.0° 

59.07 

—18.5 

—25.5 

6.58* 

1.0 

—26.5 

65.55 

—  15.0 

—25.5 

19.44  • 

—7.5 

-24.0 

71.72 

—  10.0 

—26.5 

25.45 

—10.5 

-25.5 

8.5.10 

-2.5 

—25.0 

34.10 

—16.0 

—24.5 

90.00  • 

+  1.0 

—25.5 

38.80 

—  19.0 

-24.5 

97.89  * 

5.5 

-24.5 

48.75 

— 

—25.0 

100.00 

5.7 

— 

•  The  thermograms  were  recorded  on  the  pyrometer. 


A  study  of  this  system,  made  by  us  later  employing  a  pyrometer  with  a  differential  thermocouple,  revealed 
that  an  incongruently  melting  compound  of  composition  C6H5N02'C6H4(N02)2  is  formed  in  the  system.  The  transition 
point  P  corresponds  to  63.5  mole  nitrobenzene  at  25". 

The  eutectic  point  corresponds  to  0"  and  92.50  mole*7o  ni- 
uobenzene.  The  numerical  data  are  given  in  Table  2,  while  the 
equilibrium  diagram,  constructed  from  the  data  of  the  visual  - 
polythermal  and  differential-thermal  analyses,  is  shown  in  Fig. 

2.  The  heating  curves  for  some  of  the  mixtures  in  the  system 
C5H4(N02)2“’C6H5N02  (Fig.  3)  exhibit  three  endothermic  effects. 
The  effect  at  25-26"  testifies  to  the  formation  of  the  incongruently 
melting  comp>ound  of  composition  C6H5N02'CgH4(N02)2  in  the 
system.  The  effect  at  0"  corresponds  to  the  melting  of  the  eutec¬ 
tic,  and  it  can  be  followed  beyond  the  ordinate  of  the  compound 
down  to  5  mole'Vo  nitrobenzene.  This  is  explained  by  the  non- 
equilibrium  of  the  state;  the  peritectic  reaction  does  not  go  to 
completion,  since  the  m-dinitrobenzene  crystals,  reacting  with 
the  liquid  melt  at  25",  are  coated  with  a  layer  of  the  formed 
substance,  which  insulates  them  from  the  liquid  and  in  this  way  prevents  completion  of  the  reaction.  As  a  result,  a 
part  of  the  liquid,  which  should  have  reacted  with  the  m-dinitrobenzene  crystals,  remains  unused  and  on  cooling  be¬ 
low  the  peritectic  temperature  it  separates  crystals  of  the  compound,  and  then  the  eutectic  at  0".  The  effect  at  -5" 
is  very  small  and  is  not  always  reproduced,  for  which  reason  its  nature  remained  unexplained.  Thermostatting  the 
mixtures  at  -5"  fail  to  give  additional  information.  The  assumption  that  the  compound  C6H5N02*C6H4(N02)2  exhibits 
polymorphism  is  not  very  probable,  since  this  effect  can  be  followed  only  along  one  side  of  the  ordinates  of  the  com¬ 
pound.  It  is  possible  that  it  is  associated  wi±  the  polymorphism  of  m-dinitrobenzene. 


0  10  20  30  1(0  50  60  70  80  90  100 

Mole  1o 

Fig.  1.  Binary  system  CgH^— C6H5NO2. 


Based  on  our  investigations  and  the  literature  data  it  can  be  said  that  the  m-dinitrobenzene  formed  during  nitra¬ 
tion  reacts  with  the  starting  nitrobenzene  to  form  an  incongruently  melting  compound  of  1 : 1  composition.  We  pos¬ 
tulate  that  this  compound  is  capable  of  influencing  the  nitration  rate  of  nitrobenzene,  since  it  is  known  that  nitro¬ 
benzene  nitrates  at  a  much  slower  rate  than  benzene.  B.  V.  Tronov  and  coworkers  [17]  explained  the  slow  nitration 
rate  of  nitrobenzene  as  due  to  the  probable  formation  of  two  compounds  of  nitrobenzene  with  nitric  acid  of  composi¬ 
tion  HN03*C6H5N02  and  2HN03’C6H5N02,  which  bind  the  action  of  the  nitric  acid. 


The  system  benzene— m-dinitrobenzene  is  of  interest  from  the  standpoint  of  obtaining  m-dinitrobenzene  directly 
from  benzene  [18, 19].  Shreder  [20]  determined  four  points  on  the  benzene  branch.  According  to  the  data  of  Kremann 
[21],  who  made  a  detailed  study  of  the  liquidus,  the  system  is  characterized  by  a  eutectic  point  (13  mole*7o  m-dinitro¬ 
benzene,  at  -1").  Our  data  are  given  in  Table  3  and  plotted  in  Fig.  4,  from  which  it  can  be  seen  that  the  components 
of  the  system  form  a  eutectic  at  9.25  mole°Io  m-dinitrobenzene,  with  m.p.  -1".  Recording  the  thermograms  of  indi- 
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vidual  mixtures  on  the  pyrometer  revealed  that  transformations  in  the  solid  state  were  absent.  Also,  the  presence  of 
solid  solutions  in  the  system  could  not  be  detected. 


TABLE  2.  Temperature  of  Phase  Transfor¬ 
mations  in  the  System  m-Dinitrobenzenc— 
Nitrobenzene 


CfiHjNOj 

( mole  °lo) 

Temperatu 

re* 

of  start  of 
crystalli¬ 
zation 

of  peri- 

tectic 

reaction 

of conver¬ 
sion  to  the 
solid  state 

0.()0 

90.0° 

5.60  •• 

84.5 

25.0° 

— 

11.65  •• 

80.0 

26.0 

—5.0° 

18.96  •• 

76.0 

25.0 

—5.0 

26.24  •• 

70.0 

26.0 

—5.0 

36.56  •• 

61.0 

24.0 

-5.0 

47.05  •• 

51.5 

26.0 

—5.0 

51.00  •• 

— 

25.5 

_ 

52.77 

39.6 

_ 

55.27  *• 

— 

25.0 

-5.0 

60.29  •• 

— 

26.0 

_ 

62.54 

26.0 

_ 

_ 

63.50  •• 

_ 

25.0 

_ 

67.20  •• 

23.5 

_ 

_ 

70.20  •• 

22.0 

_ 

_ 

75..59  •• 

20.5 

_ 

_ 

80..50  •* 

16.5 

_ 

_ 

84.66 

11.6 

— 

_ 

92.50 

_ 

_ 

_ 

94.(K) 

2.0 

_ 

_ 

96.29 

lOO.(K) 

3.5 

5.7 

— 

— 

•  In  all  cases  the  crystallization  temper 
ature  of  the  cutcctic  was  O’. 

•  •  Thermograms  recorded  on  the  py  - 
rometer. 


TABLE  3.  System  Benzene— m-Dinitro - 
benzene 


Temperature 


C6H4(NOj)j 

(mole%) 

of  start  of 
crystalli¬ 
zation 

of  crystalli¬ 
zation  of 
eutectic 

o.no 

5.3° 

2  39 

3.0 

0.5° 

5.09 

1.5 

—1.0 

7.30 

0.5 

—1.0 

9.25 

— 

—  1.0 

9.90 

1.0 

—  1.0 

14.22 

9.5 

—  1.0 

20.91* 

23.5 

—1.0 

25.. 58 

30.5 

—  1.0 

31.71 

37.5 

—  1.5 

38.67 

43.0 

—  1.0 

44.15 

49.5 

—2.5 

51.71 

55.5 

—  1.0 

61.75 

6.3.2 

—2.0 

72.61 

72.0 

-2.0 

82.26 

78.0 

-3.0 

90.00  • 

83.5 

-2.5 

95.(K)* 

87.5 

-3.0 

100.00 

90.0 

— 

*  Thermograms  recorded  on  the  py¬ 
rometer. 


Fig.  2.  Binary  system  m-CeH4(NC)2)2“C5H5N02 


System  benzene— nitrobenzene— m -dinitrobenzene.  In  the  nitra¬ 
tion  of  benzene  to  m -dinitrobenzene  the  benzene  apparently  does  not 
go  directly  to  the  dinitrobenzene,  but  instead  goes  through  all  of  the 
intermediate  nitration  stages,  i.e.,  it  first  goes  to  nitrobenzene,  which 
then  goes  to  m- dinitrobenzene.  In  this  connection  it  seemed  of  inter¬ 
est  to  determine  how  benzene,  nitrobenzene  and  m-dinitrobenzene  re¬ 
act  with  each  other  when  they  are  simultaneously  present,  and  also  how 
the  compound  C6H5N02*C6H4(N02)2  behaves  in  the  ternary  system. 

To  investigate  the  liquidus  surface  of  the  ternary  system  we 
studied  25  sections,*  the  general  characteristics  of  which  are  given  in 
Table  4.  The  liquidus  surface  of  the  ternary  system  (Fig.  5)  is  divided 
into  four  fields:  benzene,  nitrobenzene,  m-dinitrobenzene,  and  the 
compound  CgH5N02*C6H4(N02)2.  The  benzene  and  nitrobenzene  fields 
occupy  a  small  area  of  the  triangle.  More  than  half  of  the  area  of  the 
triangle  is  occupied  by  the  m-dinitrobenzene  field.  The  field  of  the 
binary  compound  C6H5N02*C6Hj(N02)2.  occupies  a  substantial  area  in 
the  triangle,  which  indicates  its  great  stability  in  a  wide  temperature 
range.  The  boundaries  of  the  fields  are  indicated  by  polythermal  lines, 
corresponding  to  the  common  crystallization  of  the  starting  components 
and  the  compound. 

The  projection  of  the  system  can  be  divided  into  two  phase  tri¬ 
angles  by  connecting  the  composition  point  of  the  compound  C6H5NO2* 
•C6H|(N02)2  with  the  benzene  apex.  The  first  phase  triangle  is  formed 


For  the  sake  of  brevity,  the  tables  and  diagrams  of  the  sections  are  not  given  in  this  paper. 
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•Section  XIV  goes  in  part  along  the  line  of  the  common  crystallization  of  C6H5NO2  +  C6H5N02*CeH4(N02)2. 


Fig.  3.  Heating  curves  for  the  mixtures  of  the  sys¬ 
tem  m-CeH4(N02)2~C5H5N02.  Mole  “Vo  CeH5N02: 

I)  5.60,  D)  li.65,  ni)  26.24,  IV)  36.56,  V)  45.45, 
VI)  47.66,  Vn)  51.00,  VIII)  57.67,  IX)  63.19,  X) 
70.20,  XI)  73.00,  XH)  80.50,  XIII)  83.25 


Fig.  5.  Projection  of  the  crystallization  surface  of 
the.  system  C5H€-C6H5N02“m-C6H4(N02)2  on  the 
composition  triangle. 


Mole  % 


Fig.  4.  Binary  system  CjH5-m-C*H4(N02)2 

by  CgHg,  CgHgJ'I02 * C5ll4( N02)2»  and  m-C5H^N02)2,  and  its 
invariant  point  Pj  lies  outside  the  fields  of  its  constituents. 

The  second  phase  triangle  is  formed  by  CgHe,  C8H5NO2  and 
CJH5NO2  *  C6H4(N02)2.  The  field  of  the  compound  CgH5N02  • 
*CeH4(N02)2  is  located  entirely  in  the  second  phase  triangle, 
in  which  two  invariant  points  exist :  peritectic  point  Pj  at 
-19“  (60  mole  *70  CgHe,  25  mole ‘7°  C6H5NO2  and  15  mole  <70 
C6H4(N02)2)  and  eutectic  point  E  at  -31“  (49  mole'Tf  CgHe, 

46  mole‘7o  C6H5NO2  and  5  mole‘7o  C6Hj(N02)2).  The  com¬ 
pound  C6H5N02*C6H^N02)2.  formed  in  the  binaty  system  by 
peritectic  reaction,  also  retains  its  character  in  the  ternary 
system. 

SUMMARY 

1.  The  thermal  analysis  method  was  used  to  study  the 
binary  systems  benzene- nitrobenzene,  benzene— m-dinitro- 
benzene  and  nitrobenzene— m- dinitrobenzene.  In  the  sys¬ 
tem  CgHg- C6H5NO2  the  components  form  a  eutectic  of  com¬ 
position  48.75  mole*7o  C6H5NO2  with  m.p.  -25“.  In  the  sys¬ 
tem  C6Hg-m-C5H4(N02)2  the  components  form  a  eutectic  of 
composition  9.25  mole'Tn  C6H4(N02)2  with  m.p.  -1“.  The 
incongruently  melting  compound  of  composition  CgHsNQ* 
C6ll4(N02)2  is  formed  in  the  system  C6H5NO2— m-C6H4(N02)2, 
the  transition  point  of  which  lies  at  25“  and  corresponds  to 
63.5  mole  *70  C6H5NO2;  the  eutectic  point  lies  at  0“  and  cor¬ 
responds  to  92.50  mole  °Jo  CeH5N02.  The  compound 
C8H5N02*CeIi|(N02)2  can  apparently  influence  the  nitration 
rate  of  nitrobenzene. 

2.  A  study  was  made  of  the  liquidus  surface  of  the 
ternary  system  C6H€-C6H5N02”m-C6H4(N02)2.  The  system 
has  four  crystallization  fields  and  two  invariant  points:  eutec¬ 
tic  and  peritectic.  The  field  of  the  compound  C6H6N02' 
CeH4(N02)2t  formed  in  the  binary  system,  extends  deeply  in¬ 
side  the  ternary  system. 
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TERPENOPHENOLS 


V.  DETERMINATION  OF  THE  DISSOCIATION  CONSTANTS  OF  SOME 
STERICALLY  HINDERED  TERPENOPHENOLS  IN  AQUEOUS  ORGANIC  SOLVENTS 

L.  A.  Kheiflts,  L.  M.  Shulov,  I.  V.  Perslanova,  and 
V.  N.  Belov 

All-Union  Scientific -Research  Institute  of  Synthetic  and  Natural  Perfumes 
Translated  from  Zhurnal  (Sjshchei  Khimii,  Vol.  31,  No.  3, 
pp.  723-726,  March,  1961 
Original  article  submitted  April  18,  1960 


In  previous  communications  [1,2]  we  had  described  a  method  for  the  separation  of  resinous  mixtures  of  o-  and 
p- terpenophenols  into  the  individual  isomers,  based  on  the  greater  ease  with  which  the  p-terpenophenols  form  phen- 
olates  when  the  mixture  of  isomers,  dissolved  in  petroleum  ether,  is  treated  with  aqueous -alcoholic  caustic  solution. 
Employing  this  method,  we  were  able  to  isolate  the  individual  2-isobornyl-  and  4-isobornylphenols  (I  and  II),  and 
also  2- methyl-6- isobornylphenol  (III)  and  2-methyl-4-isobornylphenol  (IV). 

In  view  of  the  fact  that  the  indicated  separation  method,  as  well  as  most  other  methods,  capable  of  finding  use 
for  the  quantitative  analysis  of  mixtures  of  o-  and  p-terpenophenols  (indicator,  potentiometric,  high-frequency  titra¬ 
tion  in  nonaqueous  solvents,  etc.),  are  based  on  the  difference  in  the  acid  properties  of  the  ortho  and  para  isorrers,  it 
seemed  of  interest  to  us  to  quantitatively  characterize  this  difference  by  the  dissociation  constants  (K^^). 

Tlie  K3  of  the  individual  terpenophenols  were  determined  from  the  curves  of  the  potentiometric  titration  of  so¬ 
lutions  of  these  substances  in  mixtures  of  alcohol,  dioxane,  and  acetone  with  water.  It  should  be  mentioned  right  at 
the  start  that  the  Kg  values  obtained  by  us  are  relative,  since,  first,  calibration  of  the  glass  electrode  was  done  using 
aqueous  buffer  solutions  and,  second,  the  jump  in  the  potential  at  the  interface  of  the  aqueous  calomel  semielement 
and  the  solution  in  the  mixed  solvent  was  not  taken  into  account. 

However,  under  our  conditions  the  indicated  errtxs  are  small  [3,4]  and  practically  constant,  so  that  a  mutual 
comparison  of  different  substances  in  the  same  solvent  can  be  done  quite  accurately. 

The  found  and  pK^  values  are  given  in  Table  1. 


TABLE  1. 


Solvent 

Compound 

Ka  •  10'* 

p/fa 

(I)  1 

(II) 

(III) 

(IV) 

(I) 

(ID 

(III) 

(IV) 

54%  ethanol . 

0.76 

0.40 

12.12 

12.40 

45*5^  dioxane . 

_  1 

0.60 

_ 

0.28 

— 

12.22 

— 

12.55 

()5%  acetone . 

0.14 

0.43 

0.11 

0.19 

12.85 

12.37 

12.90 

12.72 

In  order  to  compare  the  dissociation  constant  of  phenol  itself,  and  also  for  the  purpose  of  verifying  the  validity 
of  our  method,  we  determined  the  of  phendl  in  water  and  in  mixtures  of  alcohol,  dioxane,  and  acetone  with  waterj 
the  data  obtained  in  this  manner  showed  good  agreement  with  those  given  in  the  literature  (Table  2). 

It  is  interesting  to  mention  that  in  54*70  alcohol  and  437®  dioxane  we  were  able  to  determine  the  only  for  the 

terpenophenols  containing  the  terpene  radical  para  to  the  hydroxyl.  The  for  the  corresix)nding  o-terpenophenols 
could  not  be  found,  since  these  compounds  failed  to  titrate  in  the  indicated  solvents.  Only  when  we  went  to  a  more 
basic  solvent,  acetone,  were  we  able  to  determine  the  for  all  four  terpenophenols. 
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TABLE  2. 


Solvent 

pKa  of  phenol* 

our  data 

literature  data 

1 

Water . 

9.92 

9.95  (25°)  9.8  (25°)  ("1;  9.94  |7) 

Ethanol  . 

11.70  (54.0) 

11.7(54;  2.5^)  1«|;  11.28(48.9;  20-22O)['<l 

Dioxane  . 

11.74  (4.5.0) 

11.82  (50.9;  20°)  in’! 

Acetone . 

12.10  (6,5.0) 

11.62(44.2;  20°)[i'») 

•  The  weight  percent  of  organic  solvent  in  water  and  the  temperature  are  given  in 
oarpntheses. 


All  of  the  compounds  investigated  by  us  can  be  arranged  in  the  following  order  of  decreasing  (R=  isobornyl). 


Oil 

Oil 

on 

OH 

Oil 

1 

1 

II  1 

1 

1'  1 

II  1 

•  .R 

i  1 

I  1 

1  1 

u 

1 

R 

II  1 

\A 

1 

n 

1  1 
\A 

u 

pKa  (in  657i>  acetone)  12.10 

(II) 

(IV) 

(1) 

(III) 

12.37 

12.72 

12.85 

12.90 

The  decrease  in  the  dissociation  constant  when  going  from  phenol  to  p-isobornylphenol  (11)  is  explained  by  the 
positive  induction  effect  of  the  isobornyl  group.  A  further  weakening  of  the  acid  properties  when  going  from  (11)  to 
2-methyl-4-isobornylphenol  (IV)  is  due  to  the  combined  induction  effect  of  the  isobornyl  and  methyl  groups  and  the 
steric  effect  of  the  o- methyl  group  in  (IV),  disturbing  to  some  degree  the  coplanarity  of  the  hydroxyl  group  with  the 
benzene  ring.  On  going  from  (IV)  to  2-isobornylphenol  (1)  the  acid  properties  are  reduced  even  further  for  the  reason 
that  the  steric  effect  exerted  by  the  very  bulky  isobornyl  group,  found  ortho  to  the  hydroxyl  group  in  (I),  apparently 
exceeds  the  combined  induction  and  steric  effects  of  the  methyl  group  in  (IV).  Finally,  the  greatest  supression  of  the 
acid  properties  of  phenolic  hydroxyl  is  observed  in  the  case  of  2- methyl-6 -isobornylphenol  (III),  where  the  induction 
and  steric  effects  of  the  methyl  and  isobornyl  groups,  found  in  the  ortho  positions  to  the  hydroxyl,  are  combined. 

A  similar  influence  of  alkyl  groups  on  the  dissociation  constants  of  o-  and  p-alkylphenols  was  mentioned 
earlier  only  for  the  o-  and  p-cresols  [11]. 

EXPERIMENTAL 

Freshly  distilled  phenol  and  terpenophenols  that  had  been  purified  by  repeated  recrystallization  were  taken  for 
the  Ka  determinations. 

The  terpenophenols  had  the  following  melting  points:  o-isobomylphenol  78  -79°  (from  hexane  at  -10°), 
p-isobornylphenol  103°  (from  hexane  at  -10°),  2- methyl-6 -isobornylphenol  54-55°  (from  isopentane  at  -20°), 

2- methyl-4 -isobornylphenol  93.5  -  95.0°  (from  isopentane  at  -10  to  -20°).  The  distilled  water  and  aqueous  O.IN 
NaOH  solution  used  were  free  of  CO2  and  carbonate  ions;  their  absence  was  shown  by  comparing  the  curve  for  the 
alkali  titration  of  the  water  with  the  theoretically  calculated  curve.  The  solvents  used  by  us  were  carefully  purified. 
The  tested  solutions,  having  a  concentration  of  0.002  -  0.003M,  were  prepared  immediately  before  measurement;  for 
titration  we  took  50  -  100  ml  aliquots  of  the  solution.  The  caustic  solution  was  added  from  a  microburet  with  0.01 
ml  scale  divisions.  The  measurements  were  made  using  an  LP-5  potentiometer  with  glass  electrode  at  20°;  the  satu¬ 
rated  calomel  electrode  was  taken  as  the  reference  electrode.  The  were  calculated  using  the  equation 

|H^)([Na^l-f  [HM-jOH-D 
««-c-(lNa+J-h[ll^J- (011-1)  • 

Correction  was  not  made  for  the  activity  coefficients,  since  for  dilute  solutions,  with  which  we  operated,  they 
are  close  to  one.  In  all  cases  the  ionic  product  of  the  medium,  KYy  =  [H'’’]  [OH"],  was  calculated  by  interpolation 
from  the  literature  data  [12-  14]  and  was;  for  54lo  ethanol  7  •  10"*^,  for  49Vo  dioxane  1.23*  10“^®,  and  for  697o  acetone 
7.9- 10"*®. 
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SUMMARY 


1.  The  dissociation  constants  of  the  2-  and  4-isobornylphenols,  2-methyl-6-isobornylphenol  and  2-methyl-4- 
isobornylphenol  in  mixtures  of  ethanol,  dioxane,  and  acetone  with  water  were  determined. 

2.  It  was  shown  that  the  acid  properties  of  the  terpenophenols  are  reduced  when  compared  with  phenol  due  to 
the  induction  effect  of  the  ortho-  and  para- substituents  and  the  steric  effect  of  the  ortho-substituents,  in  which  con  - 
nection  the  latter  effect  is  much  stronger  for  the  terpene  radical  than  for  the  methyl  group. 
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In  its  catalystic  activity  in  the  alkylation  of  aromatic  compounds  with  olefins,  the  molecular  compound  BF3' 

•  H3PO4  exceeds  all  other  catalysts  based  on  boron  fluoride.  In  all  of  the  studied  cases  it  is  more  active  than  either 
BF3  or  H3PO4  separately  [1]. 

It  seemed  of  interest  to  study  the  catalytic  activity  of  the  compound  of  aluminum  chloride  with  orthophosphoric 
acid,  AlCl2‘  H2PO4,  in  the  alkylation  reaction.  In  the  literature  we  found  only  one  reference  on  the  possible  use  of 
A1C12*  H2PO4  as  a  catalyst  [2].  It  was  expected  that  this  new  catalyst,  similar  to  BF3'  H3PO4,  would  exhibit  catalytic 
properties  different  than  either  AICI3  or  H3PO4,  both  in  the  sense  of  general  activity  and  as  regards  isomerization  and 
orientation.  With  this  in  mind  we  studied  the  alkylation,  using  A1C12*  H2PO4  as  the  catalyst,  of  benzene  with  ethyl¬ 
ene  and  propylene  (gas  from  the  scrubbers  in  the  production  of  synthetic  rubber),  and  of  benzene,  toluene,  ethyl¬ 
benzene,  isopropylbenzene,  sec-butylbenzene,  biphenyl,  fluorobenzene,  chlorobenzene  and  bromobenzene  with  2- 
butene. 

It  was  found  that  the  compound  AlCl2'H2P04  is  a  quite  active  alkylation  catalyst.  In  some  cases  it  is  inferior 
to  the  compound  BF3  •  H3PO4:  it  gives  a  lower  yield  of  alkylate  and  can  be  used  only  once.  In  a  number  of  reactions 
the  catalyst  AICI2*  H2PO4  is  more  active  than  BFs*  H3PO4:  it  permits  obtainipg  the  alkylation  products  in  high  yield 
and  less  contaminated  with  impurities  than  when  using  other  catalysts.  The  alkylation  of  benzene  with  the  ethylene- 
propylene  mixture  obtained  from  the  scrubbers,  of  bromobenzene  with  2-butene,  and  other  alkylations  belong  in  this 
category. 

At  20  -  60°  AICI2*  H2PO4,  the  same  as  BF3*  H3PO4,  but  in  contrast  to  AICI3,  does  not  cause  the  side  isomeriza¬ 
tion  and  polymerization  of  olefins.  Even  with  a  1.;  1  molar  ratio  of  the  reactants  and  using  the  indicated  temperature 
range  it  proves  possible  to  achieve  monoalkylation;  the  yield  of  polyalkyl  derivatives  usually  does  not  exceed  lCf7o  of 
theory.  The  compound  AlCl2*H2P04  is  less  hydroscopic  than  AICI3;  in  the  alkylation  of  monosubstituted  benzenes 
(alkylbenzenes,  halobenzenes),  the  same  as  the  complex  BFs*  H3PO4,  it  orients  the  alkyl  group  to  the  para  position, 
and  consequently  the  reaction  products  are  mainly  the  p-alkyl  derivatives  of  the  aromatic  hydrocarbons.  The  total 
yield  of  products  and  the  composition  of  the  alkylate  are  both  influenced  by  the  molar  ratios  of  the  reactants,  the 
catalyst  concentration,  and  the  temperature.  Below  60°  the  alkylate  is  almost  always  obtained  in  smaller  total  yield, 
but  with  a  higher  amount  of  polyalkylbenzens  in  it.  A  short  induction  period  is  needed  (20  -  30  min)  to  start  the  re¬ 
action. 

When  benzene  is  alkylated  with  the  ethylene- propylene  mixture  from  the  scrubbers  the  main  reaction  products 
are  ethylbenzene  and  isopropylbenzene.  Their  relative  amount  in  the  alkylate  is  70  -  ROVo  and  that  of  the  polyalkyl- 
benzenes  is  20-  3(fIo,  When  the  alkylation  is  run  under  comparatively  mild  conditions  (0.1  mole  of  catalyst  per  mole 
of  olefin,  temperature  not  above  35°,  and  a  gas  feed  rate  of  5  -  9  liters/hr)  the  polyalkylbenzenes  consist  mainly  of 
hexaethylbenzene,  the  relative  amount  of  which  in  the  alkylate  ranges  from  8  to  2(f7<.  In  the  presence  of  large 
amounts  of  catalyst,  a  higher  temperature,  and  a  slow  gas  velocity,  the  polyalkylbenzenes  represent  mainly  a  mix 
ture  of  diethyl-,  ethylisopropyl- ,  and  diisopropylbenzenes.  Under  these  conditions,  hexaethylbenzene  is  either  not 
formed  at  all  or  it  is  obtained  in  very  small  amount,  which  can  be  explained  by  the  dealkylation  of  the  polyalkyl  - 
benzenes  in  the  presence  of  the  catalyst  A1C12*  H2PO4  under  comparatively  drastic  conditions. 

The  reaction  is  accompanied  by  the  evolution  of  hydrogen  chloride,  which  becomes  especially  intense  at 
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50  -  80*  and  a  gas  feed  rate  exceeding  9  liters/hr.  The  optimum  alkylation  conditions  are  a  molar  ratio  of  benzene, 
olefins  and  catalyst  equal  to  2.5  :  1  :  0.3,  a  temperature  of  50*,  and  a  gas  feed  rate  of  4.6  liters/hr.  Under  these 
conditions  ethylbenzene  and  isopropylbenzene  are  obtained  in  8Cf7o  yield,  with  their  relative  amount  in  the  alkylate 
equal  to  52  and  2T}o,  respectively.  The  ethylene  conversion  is  627o  and  that  of  propylene  Is  861°. 

The  alkylation  of  benzene  with  2- butene  in  the  presence  of  AlCl2*H2P04  leads  to  the  main  formation  of  mono- 
and  di-sec-butylbenzenes.  In  this  reaction  the  AlCl2*H2P04  catalyst  proved  to  be  more  drastic  than  the  BF3*H3P04 
complex  and  gives  a  lower  yield  of  alkylate,  but  with  a  higher  relative  amount  of  di-sec-butylbenzenes.  The  most 
favorable  conditions,  where  the  alkylation  products  are  obtained  in  a  total  yield  of  82*70  and  with  the  relative  con  - 
tent  of  sec-butylbenzene  in  them  equal  to  86*7o,  are  a  molar  ratio  of  benzene,  2-butene  and  AlCl2*H2P04  equal  to 
3:1:  0.2,  a  temperature  of  50*,  and  a  2-butene  feed  rate  of  2.3  liter/hr.  Increasing  the  relative  amount  of  catal¬ 
yst  up  to  0.5  mole  lowers  both  the  total  yield  of  alkylate  and  the  relative  amount  of  sec-butylbenzene  contained  in 
it.  Reducing  the  temperature  down  to  30*  for  the  same  conditions  has  little  effect  on  the  reaction.  The  obtained 
di- sec-butylbenzene  was  the  para-isomer,  containing  very  small  amounts  of  the  ortho-isomer. 

The  alkylation  of  toluene  and  ethylbenzene  with  2-butene  in  the  presence  of  AICI2'  H2PO4  goes  quite  easily 
with  the  formation  of  p-sec-butyltoluene  and  p-sec-butylethylbenzene  in  75  and  647°  yield,  respectively.  In  this 
reaction  A1C12’  H2PO4  has  a  lower  activity  than  the  BF3’  H3PO4  complex  [3].  The  reaction  of  isopropylbenzene  with 
2-butene  in  the  presence  of  A1C12'  H2PO4  leads  to  obtaining  a  practically  quantitative  yield  of  alkylate.  Thus,  at  a 
molar  ratio  of  isopropylbenzene,  2-butene  and  catalyst  equal  to  3: 1;  0.3,  the  yield  of  the  mono-  and  dibutyl  deriv¬ 
atives  of  isopropylbenzene  is  92*7^,  and  that  of  sec-butylisopropylbenzene  is  70*7o.  Reducing  the  relative  amount  of 
catalyst  down  to  0.2  mole  hardly  affects  the  total  yield  of  alkylate,  but  does  lead  to  a  decrease  in  the  relative  amount 
of  sec-butylisopropylbenzene.  Increasing  the  molar  ratio  of  isopropylbenzene  to  4  moles  per  mole  of  2-butene  also 
reduces  the  total  yield  of  alkylate,  but  increases  the  relative  amount  of  sec-butylisopropylbenzene  in  it,  which  proves 
to  be  mainly  the  para-isomer.  The  amount  of  the  ortho-isomer  is  10  - 12*70. 

The  high  catalytic  properties  of  the  compound  A1C12*  H2PO4  become  especially  manifest  in  the  reaction  of  sec- 
butylbenzene  with  2-butene.  Thus,  at  a  molar  ratio  of  sec-butylbenzene,  2-butene  and  A1C12'  H2PO4  equal  to 
3:1:  0.3,  the’  yield  of  alkylate  is  99*70  with  the  relative  amount  of  di- sec-butylbenzene  in  it  equal  to  80^o,  whereas 
with  the  complex  BF3 '  H3PO4,  under  the  best  conditions,  the  alkylate  is  obtained  in  56  *7>  yield  [4].  The  main  di  - 
sec-butylbenzene  product  is  the  para-isomer,  and  the  ortho-isomer  is  present  only  in  traces. 

The  alkylation  of  biphenyl  with  2-butene  in  the  presence  of  A1C12’  H2PO4  proceeds  more  vigorously  than  with 
the  BF3"H3P04  catalyst  [5],  and  under  analogous  conditions  the  monobutylbiphenyls  are  obtained  in  approximately 
10*7<  higher  yield.  In  this  case  the  catalyst  is  quite  active  even  when  used  in  a  ratio  of  0.05  mole  per  mole  of  2- 
butene.  The  reaction  goes  especially  well  at  a  molar  ratio  of  biphenyl,  2-butene  and  A1C12'  H2PO4  equal  to  3 : 1 : 

:  0.2  and  a  temp)erature  of  80°  (the  total  yield  of  alkylate  is  82*7o  and  the  relative  amount  of  monobutylbiphenyls  in 
it  is  84*7o).  Pronounced  tar  formation  is  observed  at  a  higher  temperature.  The  main  alkylation  product  is  p-sec- 
butylbi phenyl.  In  the  given  reaction  the  compound  A1C12*  H2PO4,  in  contrast  to  the  complex  BF3*  H3PO4,  does  not 
exhibit  isomerizing  properties  and  consequently  tert-butylbiphenyl  is  not  found  in  the  reaction  products. 

Of  the  halobenzenes  the  easiest  to  be  alkylated  with  2-butene  in  the  presence  of  AlCl2'H2P04  is  fluorobenzene, 
with  the  formation  of  sec-butylfluorobenzene  in  41.5*70  yield.  We  will  mention  that  with  the  BF3*  H3PO4  catalyst  it 
is  possible  to  obtain  sec-butylfluorobenzene  in  57*7®  yield  [6].  Chlrobenzene  reacts  with  more  difficulty  than  fluoro¬ 
benzene  with  2-butene  and  AlCl2*H2P04,  and  gives  sec-butylchlorobenzene  in  up  to  33*7o  yield.  Contrary  to  expec¬ 
tations,  bromobenzene  reacts  more  easily  with  2-butene  in  the  presence  of  AlCl2'H2P04  than  does  chlorobenzene; 
however,  intense  polymerization  of  the  olefin  is  observed  when  this  catalyst  is  used. 

EXPERIMENTA  L 

The  benzene,  toluene,  ethylbenzene,  isopropylbenzene,  biphenyl,  chlorobenzene,  and  bromobenzene  needed 
for  the  reactions  were  commercial  products  that  were  used  freshly  distilled  after  prior  purification.  Sec-butylben¬ 
zene  was  obtained  by  the  alkylation  of  benzene  with  2-butene,  while  fluorobenzene  was  obtained  by  the  cleavage 
of  benzenediazonium  tetrafluoborate.  The  ethylene,  propylene  and  2-butene  were  by-products  from  the  production 
of  butadiene  by  the  Lebedev  method. 

Preparation  of  AICI2  •  H2PO4.  Into  a  round -bottomed  flask,  fitted  with  a  dropping  funnel  and  gas 
outlet  tube  (connected  through  a  calcium  chloride  tube  to  wash  bottles  containing  water  and  caustic  solution  to  ab- 
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TABLE  1.  Alkylation  of  Benzene  with  Ethylene -Propylene  Mixture 


Molar  ratio 
of  benzene, 
olefins  and 
AICI2 
•  H2PO4 

Reaction 
tempera¬ 
ture  ±  2* 

Gas  feed 

rate 

(liters/hr) 

Yield  (in  I0) 

Conversion  (in  *70) 

ethyl¬ 

benzene 

isopropyl¬ 

benzene 

ethylene 

propylene 

4.5: 1  :0.45 

30° 

4.2 

60.0 

99.4 

79 

85 

2.5:  1  :(t.3 

30 

9.0 

47.3 

84.3 

59 

86 

2..'’) :  1  : 0.3 

30 

4.6 

48.0 

96.1 

67 

86 

2.5  :  1  : 0.3 

.50 

4.6 

79.7 

79.2 

62 

86 

2.5  :  1  : 0.3 

80 

4.5 

73.1 

63.8 

58 

95 

2.5  :  1  :  0.2 

30 

10.2 

30.0 

96.1 

68 

1  :  1  :0.t 

:m) 

4.2 

4.1 

16.5 

63 

92 

TABLE  2.  Physicochemical  Constants  of  Obtained  Compounds 


Name 

Boiling  point 
(pressure  in  mm) 

.20 

a  A 

.,20 
"  D 

MRp) 

Found 

Calculated 

Ethyl  hp.n7.enp. . 

134.5  -  136“ 

0.8657 

1.4955 

35.75 

j  35.54 

i 

I.itp.ranire  data  [8] . 

136.2 

0.8670 

1.4959 

Isopropylbenzene . 

150-152 

0.8613 

1.4907 

40.42 

40.16 

Literatiire  data  [8] . 

152.4 

0.8618 

1.4915 

Ser-hntylhp.n7.ene . 

170-  171 

0.8630 

1.4898 

44.86 

44.78 

Literature  data  [8] . 1 

173.3 

0.8622 

1.4920 

p-  Di-ser-hntylhenzene . 

68-71(1-2) 

240 

0.8574 

1.4880 

63.97 

63.25 

Literature  data  [8] . 

0.8573 

1.4878 

p-Sec-butyltoluene . 

193  -  194 

0.8679 

1.4929 

49.23 

49.40 

Literature  data  [8] . 

193  -  194 

0.8665 

1.4938 

p-Ethyl-sec-butylbenzene . 

85-  90(13) 
86(16) 

56(1-2) 

117.5(2) 

171  -  172 

0.8601 

1.4930 

54.78 

54.02 

Literature  data  [8] . 

0.8629 

1.4921 

p-Isopropyl-sec-butylbenzene  .  .  . 
p-Sec-butylbiphenyl . 

0.8584 

0.9762 

1.4870 

1.5718 

59.08 

71.52 

58.63 

68.87 

p-Sec-butylfluorobenzene . 

0.9322 

1.4674 

45.22 

44.69 

p-Sec-butylchlorobenzene . 

84  -  85(5) 

0.9968 

1.5054 

49.69 

49.65 

sorb  the  hydrogen  chloride),  was  charged  a  known  amount  of  powdered  anhydrous  AICI3  and  then  an  equimolar 
amount  of  100*70  orthophosphoric  acid  was  added  slowly,  with  periodic  shaking.  Here  the  reaction  mass  usually 
foamed  strongly  and  hydrogen  chloride  was  evolved  vigorously.  The  mixture  becomes  thinner  after  adding  the  cal¬ 
culated  amount  of  orthophosphoric  acid,  and  assumes  a  pasty  consistency  with  a  pale  yellow  color.  When  reaction 
was  ended,  this  mass  was  heated  in  an  oil  bath  at  a  temperature  not  exceeding  80“  until  all  of  the  hydrogen  chloride 
had  evolved  (10-12  hr).  The  compound  A1C12'  H2PO4  is  a  hard,  porous,  grayish-yellow  mass  that  can  be  crushed  to  a 
powder  and  adheres  tenaciously  to  the  sides  of  the  flask.  From  51.95  g  of  AICI3  and  38.2  g  of  H3PO4  we  obtained 
80.02  g  of  A1C12’  H2PO4.  The  catalyst  was  used  without  purification. 

Method  of  alkylation.  Into  the  reaction  flask,  fitted  with  a  stirrer,  reflux  condenser,  thermometer  and 
gas  outlet  tube,  were  charged  known  amounts  of  aromatic  compound  and  powdered  catalyst,  and  then  either  2-butene 
or  the  gas  from  the  scrubbers  was  added  with  vigorous  stirring  at  the  desired  temperature.  In  the  case  of  the  scrubber 
mixture  the  gas  escaping  from  the  reactor  was  analyzed  at  2  hr  intervals  in  an  Orsat  apparatus  [7]  for  the  amount  of 
ethylene,  propylene,  carbon  dioxide,  and  oxygen.  After  adding  the  calculated  amount  of  olefins  the  reaction  mix¬ 
ture  was  stirred  for  another  1  -  3  hr  at  the  experiment  temperature,  allowed  to  stand  overnight  in  the  case  of  alkyla¬ 
tion  with  the  ethylene  — propylene  mixture,  and  for  1  -  3  hr  at  room  temperature  in  the  case  of  2-butene,  and  then  it 
was  poured  into  ice  water,  acidified  with  hydrochloric  acid.  The  upper  hydrocarbon  layer  was  separated,  washed  with 
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TABLE  3.  Alkylation  of  Aromatic  Compounds  with  2- Butene 


Molar  ratio 

2 -Butene 
feed  rate 

X'^Wfin 

Alkylated 

of  aromatic 
compound, 

Q- butene  and 
MCli  •  H,P04 

Reaction 

tempera¬ 

ture, 

(i2*) 

■■■■■ttiiiint' PM 

70)01  di- 
sec-butyl- 
denvatrVes 
of  aromatic 
compounds 

compound 

[liters/ 

hr) 

name 

ffield 

(%) 

4  : 1 : 0.3 

50*» 

2.0 

( 

53.8 

14.4 

Benzene . 

3  :  1 :  0.3 

50 

2.5 

Sec -butyl- 

58.7 

17.8 

3 ;  1 : 0.2 

50 

2.3 

benzene  1 

70.3 

5.6 

2  :  1  ;  0.2 

50 

3.1 

1 

60.6 

12.9 

Isopropyl¬ 

benzene 

4  ;  1 : 0.2 

50 

2.3 

Sec-butyliso-  1 

61.7 

11.0 

3 ;  1 : 0.3 

2 : 1 : 0.2 

50 

55 

1.8 

1.2 

propyl-  1 

benzene  \ 

70.4 

41.8 

21.8 

16.3 

Toluene . 

2 : 1 : 0.2 

30 

Sec -butyl- 

toluene 

68.3 

Ethylbenzene .  . 

2 :  1  : 0.2 

40 

Sec -butyl ethyl- 

60.6 

benzene 

3:1: 0.3 

40 

1.5 

Di- sec -butyl- 

83.0 

8.2 

Sec -butyl- 

3  : 1 : 0.2 

40 

2.0 

78.9 

14.0 

benzene 

2 ;  1 : 0.2 

:30 

1.5 

benzenes 

61.4 

28.0 

2:1: 0.2 

60 

1.0 

70.5 

16.4 

3:1: 0.05 

80 

4.1 

58.0 

19.7 

3:  1 :0.1 

80 

4.3 

68.1 

14.5 

3:1: 0.2 

80 

2.9 

Sec -butyl- 

72.2 

10.0 

Biphenyl  .... 

3:1: 0.3 
3:1: 0.4 

80 

80 

2.9 

3.1 

biphenyls 

69.5 

66.9 

13.1 

12.2 

2:1: 0.2 

80 

0.8 

50.0 

26.1 

2 :  1 : 0.3 

80 

0.7 

67.2 

3.1 

Fluorobenzene  .  . 

3  :  1 :  0.3 

60 

2.9 

Sec-butylfluoro 

- 

benzene 

41.5 

— 

Chlorobenzene  .| 

3:1:03 
3:1: 0.3 

60 

80 

2.4 

3.4 

Sec  -butyl  - 
chloro¬ 
benzene 

33.4 

23.4 

— 

( 

3 :  1  : 0 .3 

30 

1.5 

Sec -butyl-  | 

29.0 

— 

Bromobenzene  .( 

3:1:  0.3 

60 

1.2 

bromo-  1 

43.4 

— 

1 

5:1: 0.3 

80 

1.1 

benzene  1 

45.2 

— 

water,  then  with  5  -  lO'V''  caustic  solution,  again  with  water,  dried  over  calcium  chloride,  and  fractionated.  After 
removal  of  unreacted  starting  compounds,  the  alkylation  products  were  first  distilled  into  fractions,  boiling  in  a 
10  -  18°  range,  and  higher.  For  identification  these  fractions  were  redistilled  and  then  oxidized  with  15  -  30*70  nitric 
acid.  The  position  of  the  alkyl  radical  in  the  aromatic  nucleus  was  judged  on  the  basis  of  the  obtained  acids.  The 
most  characteristic  experiments  (taken  from  many  tens  of  experiments)  are  given  in  Tables  !  -  3.  The  constants  of 
the  obtained  compounds,  as  can  be  seen  from  the  data  in  Table  2,  show  relatively  good  agreement  with  the  literature 
data. 


SUMMARY 

1.  A  study  was  made  of  the  alkylation  of  benzene  with  the  ethylene -propylene  mixture  obtained  from  the 
scrubbers  in  the  production  of  synthetic  rubber,  and  of  benzene,  toluene,  ethylbenzene,  isopropylbenzene,  sec-butyl- 
bcnzene,  biphenyl,  fluorobenzene,  chlorobenzene  and  bromobenzene  with  2-butene  in  the  presence  of  the  new  cata¬ 
lyst  A1C12-H2P04. 

2.  It  was  shown  that  the  comp>ound  AICI2'  H2PO4  exhibits  a  fairly  high  catalytic  activity  in  the  alkylation  of 
aromatic  compounds  with  olefins.  Similar  to  the  complex  BF3'  H3PO4,  it  is  a  monoalkylating,  para -orienting  catal¬ 
yst.  At  20  -  60*  it  fails  to  show  noticeable  isomerizing  properties  and  does  not  cause  other  side  reactions.  In  many 
cases  this  compound  is  inferior  to  the  complex  BF3’  H3PO4  in  catalytic  activity,  but  in  some  reactions  it  permits  ob¬ 
taining  the  alkylation  products  in  higher  yield. 
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ALKYLATION  OF  o  -  BRO  M  O  A  NI  SO  LE  WITH  PROPYLENE, 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 
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Original  article  submitted  April  4,  1960 


Continuing  our  investigations  on  the  synthesis  of  alkylhaloanisoles  by  the  alkylation  of  haloanisoles  with  ole¬ 
fins,  we  studied  the  reaction  of  o-bromoanisole  with  propylene,  2-butene,  and  cyclohexene  in  the  presence  of  the 
catalyst,  BFs*  H3PO4.  The  study  revealed  that  o-bromoanisole,  similar  to  o-chloroanisole  [1],  forms  only  the  mono- 
alkyl-o-bromoanisoles  with  all  of  the  indicated  olefins,  but  their  yield  is  considerably  lower  than  when  using 
o-chloroanisole  in  the  reaction.  As  was  to  be  expected,  the  methoxyl  group  is  more  strongly  orienting  than  the  bro¬ 
mine  atom,  and  consequently  in  all  cases  the  alkyl  radical  was  found  in  the  para-position  to  the  methoxyl  group,  with 
the  formation  of  4-alkyl-2-bromoanisoles.  The  structure  of  the  latter  was  established  by  converting  them  through 
the  Grignard  reaction  to  the  corresponding  5-alkyl- 2- methoxybenzoic  acids. 

EXPERIMENTA  L 

o-Broinoanisole  was  obtained  by  the  diazotization  of  o-anisidine,  by  analogy  with  the  synthesis  of  l-chloro-2- 
bromobenzene  [2]:  b.p.  73“  at  3  mm,  d^  1.5100,  n^  1.5728,  MRj)  40.74;  calculated  40,33.  Propylene,  2- 
butene,  and  cyclohcxenc  were  prepared  by  previously  used  methods  [3]. 

The  alkylation  of  o-bromoanisole  with  propylene  was  run  in  the  same  manner  as  the  alkylation  of  p-bromo- 
phenol  with  olefins  [4].  Into  a  mixture  of  57  g  of  o-bromoanisole  and  5.2  g  of  BF3*  H3PO4,  heated  to  60“,  was  intro¬ 
duced  4.8  g  of  propylene  in  40  min  (the  molar  ratio  of  the  reactants  and  catalyst  was  3:1;  0.3),  after  which  the  re¬ 
action  mass  was  stirred  vigorously  at  the  same  temperature  for  1  hr,  cooled  to  room  temperature,  worked  up  in  the 
usual  manner,  dried  over  calcium  chloride,  and  distilled.  Here  we  obtained  39.2  g  of  unreacted  o-bromoanisole, 

16.3  g  (62.4'7<’)  of  4- isopropyl- 2-bromoanisole  (I)  (b.p.  100  -  104“/3  mm,  nf^  1.5468),  and  2  g  of  residue  as  a  dark- 
brown  tar  that  solidified  readily.  From  57.4  g  of  o-bromoanisole,  5.2  g  of  BF3.H3P04  and  8.6  g  of  propylene  (molar 
ratio  1.5:  1;  0.15),  under  the  same  conditions,  we  obtained  26.6  g  (56.8'Vo)  of  (I)  (same  boiling  point  as  before,  n^ 
1.5440),  2.3  g  of  tarry  residue,  and  32.9  g ofunreacted  o-bromoanisole. 

4- Isopropyl- 2-bromoanisole  (I)  is  a  colorless  oily  liquid  with  a  weak  anisole  odor. 

B.p.  105"  at  3  mm,  d*4®  1.3132,  n^  1.5446,  MRj^  55.04;  calculated  54.17. 

Found  <70:  Br  34.88,  34.63.  CioHisOBr.  Calculated ‘Vo;  Br  34.88. 

5- lsopropyl-2-methoxybenzoic  acid  was  obtained  from  (1)  in  61.8*70  yield  by  replacing  the  bromine  by  the 
carboxyl  group  through  the  Grignard  reaction.  The  compound  is  a  colorless  oily  liquid  with  b.p.  140  -  142“  at  2  mm. 
It  crystallizes  on  standing.  M.p.  60  -  61“  (from  petroleum  ether). 

Found:  M  193.6,  194.2.  C11H14O3.  Calculated;  M  194.2. 

Alkylation  of  o-bromoanisole  with  2-butene.  Into  a  mixture  of  56.2  g  of  o-bromoanisole  and  5.3  g  of  BF3' 
H3PO4  at  60“  and  with  vigorous  stirring  was  introduced  6.2  g  of  2-butene  (the  molar  ratio  of  reactants  and  catalyst 
was  3;  1:0.3)  in  1  hr.  Then  the  reaction  mass,  representing  a  clear,  dark-brown  liquid,  was  stirred  for  another  hour 
at  the  same  temperature,  cooled  to  18  -  20*,  worked  up  in  the  usual  manner,  dried  over  calcium  chloride,  and  dis¬ 
tilled.  After  the  removal  of  33  g  of  unreacted  o-bromoanisole,  we  obtained  21.1  (78.6*70)  of  4-sec-butyl-2-bromoan- 
isole  (II)  (b.p.  108  -  lll“/2  mm,  np  1.5402)  and  2  g  of  tarry  residue.  From  56.4  g  of  o-bromoanisole,  5.2  g  of  BF3‘ 
H3PO4  and  6.2  g  of  2-butene  (molar  ratio  3:1;  0,3)  at  30“  we  obtained  17.8  g  (66.3*7o)  of  (H)  (distilling  in  the  same 
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range  as  in  the  preceding  experiment,  n^  1.5390)  and  2.4  g  of  tarry  residue. 

4- Sec-butyl-2-bromoanisole  (II)  is  a  colorless  oily  liquid. 

B.p.  109-110"  at  2  mm,  d^®  1.2666,  nj}  1.5390,  MRq  60.17;  calculated  59.12. 

Found  <70:  Br  32.54,  32.62.  CjiHigOBr.  Calculated '7o;  Br  32.87. 

5- Sec-butyl-2-methoxybenzoic  acid  was  obtained  from  (II)  through  the  Grignard  reaction  in  5bJ°!o  yield.  The 
compound  is  a  viscous,  almost  odorless  oily  liquid.  It  crystallizes  on  standing. 

B.p.  157-158*  at  2  mm,  ^4  1.1011,  n^  1.5340,  58.78;  calculated  57.20.  M.p.  54*  (from  petroleum  ether). 

Found:  M  207.2,  207.8.  C12H16O3.  Calculated:  M  208.2. 

Cycloalkylation  of  o-bromoanisole  with  cyclohexene.  The  alkylation  was  run  in  the  same  manner  as  des  - 
cribed  earlier  [3].  The  reaction  mixture  gradually  darkened  as  the  cyclohexene  was  added  and  toward  the  end  of  re¬ 
action  it  was  an  opaque  dark-brown  liquid.  After  the  calculated  amount  of  cyclohexene  had  been  added,  the  reaction 
mass  was  heated  for  2  hr  at  the  experiment  temperature  with  continuous  stirring,  cooled,  and  worked  up  as  described 
before.  Here  the  alkylate  was  obtained  as  a  pale  yellow  liquid,  that  again  turned  dark  on  standing.  After  removal 
of  the  unreacted  o-bromoanisole  by  fractional  distillation,  the  4-cyclohexyl- 2-bromoanisole  distilled  as  a  colorless 
oily  liquid.  The  compound  crystallized  on  cooling.  Large  amounts  of  dark-brown  tar  always  remained  in  the  dis¬ 
tillation  flask.  The  reaction  of  56.1  g  of  o-bromoanisole,  8.2  g  of  cyclohexene  and  5.6  g  of  BF3  •  H3PO4  (molar  ratio 
3:1 :0.3)  at60*gave  us  18  g  (67*75)  of  4-cyclohexyl- 2-bromoanisole  (HI)  (b.p.  139  -  144*/3  mm).  The  tarry  residue 
weighed  5.6  g.  Using  the  same  amounts  of  reactants  and  catalyst  and  a  temperature  of  30“  also  gave  (HI)  in  61% 
yield.  The  reaction  of  o-bromoanisole  with  cyclohexene  and  BF3*H3P04,  taken  in  the  molar  ratio  3;  1:0.2,  at  30“, 
gave  (in)  in  58.3*70  yield.  The  tarry  residue  weighed  6.7  g. 

4- Cyclohexyl-2-bromoanisole  (HI)  is  a  white  crystalline  compound.  M.p.  53-54"  (from  methyl  alcohol). 

Found  *7o:  Br  29.54,  29.38  Ci3Hi70Br.  Calculated  *7°:  Br  29.69. 

5- Cyclohexyl-2-methoxybenzoic  acid.  This  compound  was  obtained  from  (III)  through  the  Grignard  reaction 
in  80.3*7o  yield.  White  crystalline  compound.  M.p.  69  -  70"  (from  aqueous  methanol).  Literature  data  [5];  m.p. 
70-71". 

SUMMARY 

1.  The  alkylation  of  o-bromoanisole  with  propylene,  2-butene,  and  cyclohexene  in  the  presence  of  the  BF3’ 

•  H3PO4  catalyst  was  studied. 

2.  It  was  shown  that  all  of  the  indicated  olefins  lead  to  obtaining  4-alkyl- 2-bromoanisoles  in  57  to  77*7o  yield. 

3.  The  obtained  alkylation  products,  4-isopropyl-,  4-sec-butyl-,  and  4-cyclohexyl-2-bromoanisole,  were  con¬ 
verted  to  the  corresponding  5-alkyl-2-methoxybenzoic  acids  through  the  Grignard  reaction. 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  734-736,  March,  1961 

Original  artic  le  submiited  April  21,  1960 


The  new  class  of  1,  2, 3- substituted  butadienes  (I)  previously  described  by  us,  obtained  by  the  reaction  of 
ethynylvinyl  alkyl  ethers  with  phosphorus  pentachloride  [1],  contain  the  hydroxychlorophosphino  group,  possessing 
active  chlorine  atoms. 

sn 

/10CH=CH-C=Cn  -I-2PCI5  -►[nOCHCI-GHPC'4-G=GH  •  PGI5I 
—  nOGH=CPOGl2-CGl=GH2 

(I) 

It  seemed  of  interest  to  study  the  reaction  of  the  above  indicated  substituted  butadienes  (1)  with  compounds, 
containing  labile  hydrogen  (alcohols,  amines,  mercaptans),  for  the  purpose  of  replacing  the  halogen  atoms  of  the 
phosphino  group  by  various  radicals.  The  synthesis  of  monomers  of  this  type  may  have  great  importance  for  the 
preparation  of  polymers,  possessing  a  number  of  valuable  properties. 

Thus,  when  compounds  (I)  are  reacted  with  alcohols  the  chlorine  atoms  of  the  phosphino  group  are  easily  re¬ 
placed  by  alkoxy  groups  with  the  formation  of  compounds  of  the  l-alkoxy-2-hydroxydialkyoxyphosphino-3-chloro- 
1,  3-butadiene  (11)  typ>e, 

U()CH=GPOCl2-CCl=GH2-f  2R'OH  — *  nOGII=GPO(OR')2-GGI^GH2 

(11) 

The  reaction  goes  easily  even  at  room  temperature  with  self-heating  up  to  30-  35"  in  anhydrous  benzene  medi¬ 
um  in  the  presence  of  pyridine.  The  obtained  compounds  are  slightly  yellow  liquids  with  a  faint  odor.  They  are  more 
stable  in  the  air  than  the  starting  butadienes  (I),  and  keep  well  when  stored  in  sealed  ampuls. 

Compounds  (I)  react  in  a  similar  manner  with  dialkylamines.  In  this  case  the  reaction  is  run  in  anhydrous  pe¬ 
troleum  ether  at  -3°  in  the  presence  of  excess  dialkylamine.  By  analogy  with  compounds  (I)  and  (11),  the  thus  ob¬ 
tained  l-alkoxy-2-hydroxybisdialkylaminophosphino-3-chloro-l,  3-butadienes  are  assigned  structure  (111)  by  us. 

nOGH=CI’OGl2— GGl=GIl2  4-4R'2NlI  — >  ROGII=GPO(NR'2)2— GGl=Gll2 

(111) 

Compounds  (111),  similar  to  the  (II)  compounds,  are  viscous  yellowish  liquids,  darkening  in  the  air. 

To  corroborate  our  earlier  expressed  opinions  [1]  regarding  the  structure  of  the  1, 2, 3-substituted  butadienes 
(I),  we  made  a  detailed  study  of  the  Raman  specua  of  these  butadienes  [2].  It  was  established  that  the  vibration  fre¬ 
quency  of  the  C— Cl  bond  in  the  grouping  — CC1=CH2  corresponds  in  order  of  magnitude  to  that  of  the  bonds  shown  in 
formula  (I),  and  that  in  the  investigated  compounds  there  exist  revolving  isomerism  at  the  C— C  and  C  — P  single  bonds 
and  geometric  isomerism  at  the  C=C  double  bond,  adjacent  to  the  C-P  bond. 

We  also  took  the  infrared  spectra  of  some  of  the  (II)  compounds,  which  showed  the  presence  of  an  absorption 
band  at  1408  -  1400  cm"^,  corresponding,  according  to  the  literature  data  [3],  to  the  terminal  vinyl  group  (=CH2), 
which  also  agrees  with  the  1,2, 3-substituted  butadiene  structure  of  these  compounds  and  our  previous  spectroscopic 
data  [1]. 
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EX  PERIMENT  A  L 


The  l-alkoxy-2-hydroxydialkoxyphosphino-3-chloro-l,  3-butadienes  (I)  used  in  the  present  study  were  obtained 
by  our  previously  developed  method  [1],  and  had  the  following  constants;  l-methoxy-2-hydroxychlorophosphino-3- 
chloro-1,  3-butadiene,  b.p.  48  -48.5°  (0.002  MM),  nf*  1.5826;  l-ethoxy-2-hydroxychlorophosphino-3- 
chloro-1, 3-butadiene,  b.p.  59.5-60.5“  (0.012  MM),  n”  1.5730;  l-propoxy-2-hydroxychlorophosphino-3- 
chloro-1,  3-butadiene,  b.p,  69  -  69.5°  (0.012  MM),  np  1.5635;  l-butoxy-2-hydroxychlorophosphino-3- 
chloro-1,  3-butadiene,  b.p.  82  -  82.5°  (0.02  MM),  ng  1.5620. 

l-Methoxy-2  -  hydroxydimethoxyphosphino-3-chloro-l, 3-butadiene.  Into  a  three-necked 
round -bottomed  flask,  fitted  with  a  stirrer,  dropping  funnel,  thermometer,  and  reflux  condenser  with  a  calcium  chloride 
tube,  were  charged  50  ml  of  anhydrous  benzene,  5.6  g  of  pyridine  and  2.7  g  of  methanol,  as  described  previously  [4]. 

A  solution  of  8  g  of  l-methoxy-2-hydroxychlorophosphino-3-chloro- 1,3-butadiene  in  10  ml  of  anhydrous  benzene 
was  added  dropwise  in  15  min  to  the  stirred  mixture  at  5°.  Here  the  temperature  of  the  reaction  mass  rose  to  34°. 
Tarring  of  the  reaction  mass  was  not  observed.  To  complete  the  reaction,  the  stirring  was  continued  for  another  2.5 
hr  at  40  -  45°.  The  obtained  precipitate  of  pyridine  hydrochloride  was  filtered,  washed  with  benzene,  and  the  filtrate 
was  washed  with  NaHCOa  solution,  then  with  water,  and  dried  over  sooium  sulfate.  After  distillation  in  a  high  vacuum 
we  obtained  4.5  g  (about  58*70)  of  substance. 

B.p.  90-91°  (0.01  mm),  ng  1.5180,  4®  1.2  702. 

Found  *7o;  C  36.82;  H  5.34;  Cl  15.83;  P  13.58.  C7H12O4PCI.  Calculated *70:  C  37.10;  H  5.30;  Cl  15.67,  P  13.68. 

l-Ethoxy-2-hydroxydimethyoxyphosphino-3-chloro-l, 3-butadiene.  The  experiment 
was  run  as  described  above.  From  9.6  g  of  l-ethoxy-2-hydroxychlorophosphino-3-chloro-l,  3-butadiene  and  3  g  of 
methanol  we  obtained  6.6  g  (about  70*70)  of  substance. 

B.p,  75-76°  (0.004  mm),  ng  1.5150,  d4®  1.2372. 

Found  *70;  C  39.63;  H  5.94;  Cl  14.91;  P  13.03.  C8Hi404PCl.  Calculated  *70;  C  39.90;  H  5.80;  Cl  14.76;  P  12.89. 

l-Prapoxy-2-hydroxydimethoxyphosphino-3-chloro-l, 3-butadiene.  From  14  g  of 
l-propoxy-2-hydroxychlorophosphino-3-chloro-l, 3-butadiene  and  3.5  g  of  methanol,  under  the  conditions  described 
above,  we  obtained  about  8  g  (about  60‘7>)  of  substance. 

B.p.  84-85°  (0.006  mm),  ng  1.5108,  d^®  1.1972. 

Found  *70;  C  42.60;  H  6.34;  Cl  14.25;  P  12.08.  C4H10O4PCI.  Calculated  *70;  C  42.43;  H  6.29;  Cl  13.95;  P  12.18. 

l-Butoxy-2-hydroxydimethoxyphosphino-3-chloro-l, 3-butadiene.  From  10.7  g  of 
l-butoxy-2-hydroxychlorophosphino-3-chloro- 1,3-butadiene  and  2.5  g  of  methanol  we  obtained,  as  described  above, 
7.3  g  (about  l(Flo)  of  substance. 

B.p.  79.5-81°  (0.002  mm),  ng  1.5057,  d^®  1.1742. 

Found  *7°:  C  44.40;  H  6.80;  Cl  13.12;  P  11.80.  C10H18O4PCI.  Calculated  *7o:  C  44.72;  H  6.71;  Cl  13.20;  P  11.53. 

l-Propoxy-2-hydroxydiethoxyphosphino-3-chloro-l, 3-butadiene.  From  10  g  of 

1- propoxy-2-hydroxychlorophosphino-3-chloro-l, 3-butadiene  and  4  g  of  ethanol  we  obtained,  as  described  above, 

6  g  (about  55‘7>)  of  substance. 

B.p.  87-88°  (0.006  mm),  rg  1.4990,  d^®  1.1252. 

Found  *70;  C  46.90;  H  7.26.  CUH20O4PCI.  Calculated  *70;  C  46.72;  H  7.08. 

l-Butoxy-2-hydroxydiethoxyphosphino-3-chloro  - 1.3-butadiene.  From  10  g  of  1-butoxy- 

2- hydroxychlorophosphino-3-chloro- 1,3-butadiene.  From  10  g  of  l-butoxy-2-hydroxychlorophosphino-3-chloro-l,3- 
butadiene  and  3.5  g  of  alcohol  we  obtained,  as  described  above,  7  g  (about  64*70)  of  substance. 

B.p.  90-91°  (0.006  mm),  ig  1.4970,  d^®  1.1122. 

Found  *7o:  C  48.36;  H  7.66;  Cl  12.45;  P  9.98.  Ci2H2204PCl.  Calculated  *70;  C  48.57;  H  7.42;  Cl  11.97;  P  10.46. 

l-Propoxy-2-hydroxybisdiethylaminophosphino  -  3-  ch  loro -1,3-butadiene.  To  a  solu¬ 
tion  of  20  ml  of  diethylamine  in  200  ml  of  absolute  petroleum  ether  (in  the  apparatus  described  for  the  previous  re¬ 
actions)  at  a  temperatuE  of  about  0°  was  added  12.3  g  of  l-propoxy-2-hydroxychlorophosphino-3-chloro-l, 3-buta¬ 
diene,  after  which  the  stirring  was  continued  for  about  4  hr  in  the  cold,  and  then  the  mixture  was  allowed  to  stand 
overnight.  To  complete  the  reaction,  the  stirring  was  resumed  the  next  day  at  30-40°  for  2  hr.  Then  the  reaction 


673 


mass  was  cooled,  and  the  precipitate  of  diethylamine  hydrochloride  was  filtered  and  washed  3  times  with  petroleum 
ether.  The  filtrate  was  washed  with  40*70  NaOH  solution,  then  with  water,  and  dried  over  fused  potassium  carbonate. 
After  distillation  in  a  high  vacuum  we  obtained  5  g  (about  50*7o)  of  substance. 

B  p.  104-105"  (0.006  mm),  rg  1.5110,  d^®  1.0652. 

Found  'To:  C  53.26;  H  8.95;  P  9.04;  N  7.80.  CbHsjOjNjPCI.  Calculated  To;  C  53.49;  H  8.92;  P  9.21;  N  8.32. 

1  -  B  u  toxy-2-hydroxybisdiethylaminophosphino-3-chloro-l, 3-butadiene.  From  14  g  of 
l-butoxy-2-hydroxychlorophosphino-3-chloro-l, 3-butadiene  and  22  ml  of  diethylamine  we  obtained  5  g  (about  50*70) 
of  substance. 

B.p.  108-109"  (0.008  mm),  1.5100,  d*4®  1.0532. 

Found  ‘To;  C  54.83;  H  9.27;  P  8.84;  N  7.74.  CigHjzNjPCl.  Calculated  %  C  54.78;  H  9.13;  P  8.80;  N  7.99. 

SUMMARY 

1.  Six  members  of  the  l-alkoxy-2-hydroxydialkoxyphosphino-3-chloro-l,3-butadienes  and  two  members  of 
the  l-alkoxy-2-hydroxybisdialkylaminophosphino-3-chloro-l, 3-butadienes  were  synthesized  for  the  first  time. 

2.  The  infrared  spectra  of  some  of  the  synthesized  l-alkoxy-2-hydroxydialkoxyphosphino-3-chloro-l, 3-buta¬ 
dienes  were  taken. 
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Despite  the  wide  use  of  the  esters  of  cyclopentanone-2-carboxylic  acid  for  various  syntheses  [1],  very  little 
attention  has  been  given  in  the  literature  to  the  reaction  of  the  indicated  esters  with  halogens. 

As  a  continuation  of  previously  published  data  [2],  we  subjected  the  methyl  ester  of  cyclopentanone-2-car- 
boxylic  acid  to  bromination.  The  latter  was  done  in  the  absence  of  a  solvent.  As  reaction  product  we  obtained  the 
monobromo  derivative,  which,  depending  on  the  position  of  the  bromine  atom,  can  have  one  of  the  two  isomeric 
structures  (I)  or  (II). 


GOOCH, 

(I) 


\/l 

COOCH3 

(ID 


According  to  [3],  the  bromination  (or  chlorination)  of  the  cyclohexanone -2 -carboxylic  ester  under  the  above 
described  conditions  yields  the  a-isomer,  which  does  not  change  the  color  of  ferric  chloride  solutions.  As  the  ex¬ 
periments  revealed,  the  bromocyclopentanone -2 -carboxylic  ester  gave  an  intense  violet  color  with  ferric  chloride 
solution,  and  when  treated  with  caustic  alkali  solutions  it  precipitated  as  a  white  crystalline  mass.  The  indicated 
reactions,  testifying  to  the  presence  of  hydrogen  in  the  a -position,  made  it  possible  to  assign  to  the  obtained  bromo 
derivative  the  structure  of  the  y  -isomer  (II),  and  to  exclude  structure  (I).  The  synthesized  bromoketo  ester  on  stor¬ 
age  gradually  changed  color  and  cleaved  hydrogen  bromide,  which  indirectly  indicated  that  the  bromine  atom  was 
adjacent  to  the  keto  group. 

The  reaction  of  the  y  -bromocyclopentanonecarboxylic  ester  with  2,4-dinitrophenylhydrazine  led  to  the  elimi¬ 
nation  of  halogen  [4]  and  the  formation  of  the  2,4-dinitro-(phenylhydrazino-phenylhydrazone)  with  m.p.  157-158°, 
which  also  testified  to  the  higher  reactivity  of  the  bromine  atom. 


(II) -l-2Nn2NIl— ^-NOa  — 

mT 

02N-<^  \-NHNII-j - =NNH-^  ^-NO.^ -f  IlHr  +  H.p 

COOCII3 

According  to  the  literature  [5],  a-bromocyclohexanone-2-carboxylic  ester  was  converted  to  the  unsaturated 
compound  by  treatment  with  aniline  in  absolute  ether.  Repeating  the  indicated  reaction  with  y-bromocyclopenta- 
none- 2- carboxylic  ester,  but  using  p-phenetidine  and  no  solvent  led  to  a  dark-colored  tarry  mass,  from  which  after 
precipitation  from  pyridine  solution  and  recrystallization  from  alcohol  we  obtained  about  a  30*70  yield  of  yellow - 
green  crystals  with  m.p.  85-86°. 

That  the  reaction  proceeds  in  the  same  manner  as  was  described  above  for  2,4-dinitrophenylhydrazine  was 
confirmed  by  the  absence  of  halogen  and  a  negative  test  for  the  keto  group. 
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The  presence  of  the  carbon -nitrogen  double  bond  was  shown  by  hydrolysis  of  the  condensation  product  and  for¬ 
mation  of  the  azo  dye  on  subsequent  diazotization  and  coupling  with  0-naphthol.  As  a  result,  the  reaction  of  the 
methyl  ester  of  y -bromocyclopentanone-2-carboxylic  acid  with  p- phenetidine  confirms  the  structure  of  the  ester 
and  testifies  to  the  mutual  activating  influence  of  carbonyl  group  and  halogen. 


EXPERIMENTA  L 

The  methyl  ester  of  cyclopentanone-2-carboxylic  acid  was  obtained  in  677o  yield  by  the  cyclization  of  dimethyl 
adipate  with  comminuted  sodium  in  petroleum  ether  medium.  The  2,4-dinitrophenylhydrazone,  after  recrystallization 
from  alcohol,  was  obtained  as  yellow  crystals  with  m.p.  123-125*. 

Found ‘7o;  N  17.28,  17.42.  C13HMO6N4.  Calculated  <70;  N  17.39. 

Methyl  ester  of  y  -bromocyclopentanone-2-carboxylic  acid.  To  10.8  g  of  methyl  cyclopentanone-2-carboxylate, 
with  stirring  and  ice  water  cooling,  was  gradually  added  4.5  ml  of  bromine.  On  conclusion  of  reaction  the  excess 
bromine  and  dissolved  hydrogen  bromide  were  removed  by  blowing  with  dry  air;  we  obtained  9.9  g  (59‘7'>)  of  the  ester 
as  a  pale  yellow  liquid,  which  gradually  darkened  due  to  the  cleavage  of  hydrogen  bromide.  The  liquid  gives  a  violet 
color  with  an  alcoholic  solution  of  ferric  chloride,  and  is  precipitated  as  a  white  product,  gradually  changing  on 
storage,  when  treated  with  KOll  solution. 

df  1.4210,  nj°  1.4720,  MRp  43.52;  calculated  41.756. 

Found'7'':  Br  34.09,  32.71.  CvHgtlaBr.  Calculated <70;  Br  36.15. 

The  2,4-dinitro-(phenyihydrazino-phenylhydrazone),  obtained  from  0,8  g  of  2,  4-dinitrophenylhydrazine  and 
0.5  g  of  the  bromoketo  ester  [6],  after  recrystallization  from  a  mixture  of  alcohol  and  ether  (1:1),  was  obtained  as  a 
finely  crystalline  orange  powder  with  m.p.  157-158*.  Tlie  Beilstein  test  was  negative. 

Found  *70:  N  21.46,  21.51.  CigHigOjoNg.  Calculated  ^70;  N  21.63. 

Reaction  of  the  methyl  ester  of  y -bromocyclop>entaone-2-carboxylic  acid  with  p- phenetidine.  To  22  g  of  the 
ester,  with  stirring  and  ice  water  cooling,  was  added  40.7  g  of  p-phenetidien  in  30  min.  The  reaction  was  accompanied 
by  the  copious  deposition  of  p- phenetidine  hydrobromide.  After  2  hr  the  mass  was  trasferred  to  a  beaker  containing 
ice  water  and  acidified  with  hydrochloric  acid  (to  Congo).  The  precipitate  was  filtered  and  washed  with  water  until 
neutral.  The  compound  was  purified  by  repeated  washing  with  acetone,  re  precipitation  from  pyridine  solution,  and 
recrystallization  from  alcohol  (using  carbon).  We- obtained  10.5  g  (30*7o)  of  yellow-green  crystals,  m.p.  85-86*.  The 
compound  is  insoluble  in  water  and  acetone,  and  soluble  in  pyridine  and  boiling  alcohol.  It  does  not  give  a  color  with 
alcoholic  ferric  chloride  solution,  or  a  precipitate  with  2, 4-dinitrophenylhydrazine.  The  Beilstein  test  is  negative. 

Found  <70:  N  7.21,  7.02.  C23H28O4N2.  Calculated  <70:  N  7.07. 

About  0.1  g  of  the  substance  was  heated  with  dilute  hydrochloric  acid  for  5  min,  cooled,  treated  with  sodium 
nitrite  solution  ,  and  a  part  of  the  obtained  liquid  was  added  to  an  alkaline  solution  of  6-naphthol.  The  mix¬ 
ture  assumed  a  red-orange  color. 

SUMMARY 

1.  It  was  shown  that  the  bromination  of  the  methyl  ester  of  cyclopentanone- 2- carboxylic  acid  yields  the  methyl 
ester  of  y -bromocyclopentanone-2-carboxylic  acid,  in  which  the  bromine  atom  exhibits  enhanced  reactivity. 

2.  It  was  found  that  the  methyl  ester  of  y -bromocyclopentaone-2-carboxylic  acid  condenses  with  p-phenetidine 
to  yield  a  tricyclic  Schiff  base. 
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The  use  of  triphenylmethane  (trityl)  protection  in  polypeptide  syntheses  is  due  to  the  following  advantages; 

1)  the  synthesis  of  triphenylchloromethane,  utilized  to  introduce  the  trityl  radical  for  protection  of  the  amino  group, 
is  simple  and  convenient;  2)  the  N-trityl  derivatives  of  amino  acids  and  peptides  are  difficultly  soluble  in  water  and 
organic  solvents,  which  greatly  facilitates  their  isolation  and  identification;  3)  removal  of  the  trityl  group  from 
N-tritylamino  acids  and  jjeptides  is  easily  accomplished  by  heating  with  dilute  acetic  acid. 

We  synthesized  the  esters  of  N-trityl-glycyl-valyl-phenylalanine,  N-trityl-glycyl-alanyl-phenylalanine  and 
N-trityl-glycyl-valyl-phenylalanyl-alanine.  Their  preparation  was  accomplished  by  the  method  of  mixed  anhydrides 
and  they  were  obtained  in  good  yield.  This  method  proved  to  be  unsuitable  for  the  ester  of  the  trityl-tetrapeptide, 
and  consequently  we  were  forced  to  use  the  carbodiimide  method  [1]. 

The  amino  acid  composition  of  the  obtained  N-tritylpeptide  esters  was  confirmed  by  chromatographic  analysis 
of  their  complete  hydrolyzates.  On  attempting  to  run  the  electrophoresis  of  the  obtained  esters  in  30*70  acetic  acid 
it  was  found  by  the  ninhydrin  test  that  the  trityl  group  was  removed.  We  also  studied  the  removal  of  trityl  protection 
from  the  N-tritylpeptide  esters  with  monochloroacetic  acid  at  room  temperature,  SO'To  acetic  acid,  and  ION  hydro¬ 
chloric  acid  in  ethyl  alcohol  (with  heating).  The  latter  has  been  used  [2]  for  N-tritylamino  acids  and  N-trityldipep- 
tides.  In  our  case,  together  with  removal  of  the  trityl  protection,  there  occurs  under  these  conditions  a  partial  cleav¬ 
age  of  glycine  from  the  N-trityl-glycylalanyl-phenylalanine  ester  and  even  a  partial  hydrolysis  in  the  case  of  the 
N-trityl-glycyl-valyl-phenylalanine  ester,  which  was  established  by  paper  chromatography.  Some  of  the  properties 
of  the  obtained  peptides  were  examined  and,  in  particular,  their  ability  to  form  copper  biuret  complexes.  The  shift 
in  the  maximum  light  absorption  toward  shorter  wavelengths  for  the  N-trityl-glycyl-alanyl-phenylalanine  ester  when 
compared  with  that  for  the  glycyl-alanyl-phenylalanine  ester  is  apparently  due  to  the  effect  of  the  substituent  on  the 
amino  group,  A  corresponding  shift  was  observed  by  us  earlier  in  the  case  of  the  benzyltri peptides  [3]. 

EXPERIMENTAL 

Synthesis  of  N-trity  Ipeptides.  1.  a)  N  -  Tr  i  ty  1  -  glycy  1  -  va  ly  1  -  phe  ny  la  la  nine  , 
ethyl  ester.  To  a  mixture  of  0.9  g  (0.002  mole)  of  N-trityl- glycine  and  0.39  ml  (o.002  mole)  of  absolute  tri- 
ethylamine  in  16  ml  of  freshly  distilled  absolute  chloroform  was  added,  with  cooling  (-10°),  0.22  ml  (0.002  mole)  of 
chlorocarbonic  ester.  After  standing  for  1  hr  (ice)  the  mixture  was  treated  with  a  cooled  solution  of  1  g  (0.003  mole) 
of  the  hydrochloride  of  the  ethyl  ester  of  valyl- phenylalanine  and  0.46  ml  (0.003  mole)  of  absolute  triethy famine  iii 
absolute  chloroform.  The  evolution  of  COz  was  observed  here.  After  10  min  the  cooling  was  removed,  and  after 
standing  at  room  temperature  for  4  hr  the  solution  was  carefully  washed  with  5*70  acetic  acid,  water,  5*7o  aqueous  di- 
ethylamine  solution,  and  again  with  water.  The  chloroform  solution  was  dried  over  calcium  chlroide,  filtered  and 
concentrated  in  vacuo.  The  residual  oil  crystallized  when  treated  with  a  little  methyl  alcohol.  The  (vecipitate  was 
filtered  and  washed  on  the  filter  with  small  portions  of  water,  cold  methyl  alcohol,  and  ether.  Then  the  material 
was  recrystallized  from  absolute  benzene,  and  dried  in  vacuo  at  110°  over  phosphorus  pentoxide.  M.p.  185°;  yield 
1.35  g  (80.5 *7»).  The  compound  is  new.  The  prismatic  crystals  are  soluble  in  hot  methyl  and  ethyl  alcohols,  acetone, 
and  chloroform,  and  insoluble  in  ether,  water,  and  alkali  solution.  It  does  not  give  the  biuret  reaction.  Chromato¬ 
graphic  analysis  of  the  complete  hydrolyzate  revealed  that  the  compound  contained  glycine,  valine,  and  phenylalanine. 


•  Deceased. 
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Found ‘^0:  C  75.29;  H  7.14;  N  7.13.  C37H41O4N5.  Calculated*^:  C  75.11,  H  6.98;  N  7.10. 

b)  N  -  Tri  ty  1  -  glycy  1- V a ly  1  -  phe  ny  la  1  a n i n e .  The  method  of  [4]  was  used  to  saponify  the  ethyl  ester 
of  N-trityl-glycyl-valyl-phenylalanine.  To  1.2  g  (0.002  mole)  of  the  ethyl  ester  of  N-trityl-glycyl-valyl- phenyl¬ 
alanine  were  added  15  ml  of  dioxane,  15  ml  of  IN  NaOH  (0.15  mole)  and  15  ml  of  water.  The  clear  solution  was 
kept  for  3  hr  in  a  thermostat  at  37*.  After  standing  overnight,  the  solution  was  evaporated  in  vacuo  until  considerable 
precipitate  appeared,  which  was  then  treated  with  a  solution  of  1  g  of  citric  acid  in  20  ml  of  water.  The  free  tri- 
tyltripeptide  was  extracted  with  ethyl  acetate.  The  ethyl  acetate  solution  was  dried  over  anhydrous  sodium  sulfate, 
evaporated  to  dryness,  and  the  residue  was  made  to  crystallize  by  the  addition  of  alcohol.  The  product  obtained  in 
this  manner  was  recrystallized  from  anhydrous  alcohol.  M.p.  150“  (decomp.),  yield  1  g  (84*70).  The  compound  is 
new. 

Found  *7o;  C  73.69;  H  6.71;  N  7.40.  C35H37O4N3  *  HjO.  Calculated '7o:  C  73.52;  H  6.88;  N  7.35. 

The  compound  is  soluble  in  ethyl  acetate  and  in  hot  alcohol.  It  is  insoluble  in  water.  It  gives  a  positive 
biuret  test.  Its  maximum  light  absorption  lies  at  a  wavelength  of  610  mp. 

2.  N  -  Trity  1  -  g  ly  cy  1- a  lany  1  -  pheny  la  la  nine  ,  ethyl  ester.  To  2  g  (0.006  mole)  of  N-trityl- 
glycine  and  0.88  ml  (0.006  mole)  of  absolute  triethylamine  in  20  ml  of  freshly  distilled  absolute  chloroform  was 
added,  with  cooling  to  -10“,  0.49  ml  (0.006  mole)  of  chlorocarbonic  ester.  After  cooling  for  1  hr,  a  cooled  solution 
of  2.2  g  (0.01  mole)  of  the  hydrochloride  of  the  ethyl  ester  of  alanyl- phenylalanine  and  1.4  ml  (0,01  mole)  of  abso¬ 
lute  triethylamine  were  added.  The  evolution  of  CO2  was  observed.  After  10  min  the  cooling  was  removed,  and  the 
mixture  was  allowed  to  stand  overnight  at  room  temperature.  Then  the  solution  was  worked  up  in  the  same  manner 
as  in  la.  The  chloroform  solution  was  dried  over  Na2S04,  and  then  evaporated  to  dryness  in  vacuo.  The  residual  oil 
crystallized  when  treated  with  methyl  alcohol  and  rubbed  with  a  glass  rod.  The  precipitate  was  filtered  and  washed 
on  the  filter  with  small  portions  of  methyl  alcohol,  after  which  it  was  dried  over  phosphorus  pentoxide.  M.p.  149  - 
151*.  After  recrystallization  from  acetone,  m.p.  150  - 151.5“;  yield  2,75  g  (80*70).  The  compound  is  new.  The  crys¬ 
tals,  obtained  as  leaflets,  are  soluble  in  hot  methyl  and  ethyl  alcohols,  acetone,  and  chloroform,  and  insoluble  in 
ether,  water," and  caustic  solution.  The  ninhydrin  test  is  negative,  and  the  biuret  reaction  is  positive,  with  a  maxi¬ 
mum  light  absorption  at  540  mp.  The  homogeneity  of  the  compound  and  its  amino  acid  composition  were  confirmed 
chromatographically. 

Found  *7®:  C  72.86;  H  6.64;  N  7,38.  C35H3704N3-  H2O.  Calculated  %  C  73.52;  H  6.88;  N  7.35. 

3.  N  -  Trity  1  -  g  lycy  1- V  a  ly  1  -  phe  ny  la  la  ny  1  -  a  la  n  ine  ,  ethyl  ester,  a)  The  trityl-tetrapep- 
tide  ester  could  not  be  obtained  using  the  mixed  anhydride  method. 

b)  Carbodiimide  method  [1].  A  solution  of  0.2  g  (0.0017  mole)  of  the  ethyl  ester  of  alanine  (pre¬ 
pared  from  the  hydrochloride  of  the  ethyl  ester  of  alanine  and  ammonia)  in  5  ml  of  methylene  chloride  was  cooled 
to  0“,  and  then  with  cooling  (0“)  and  stirring,  0.29  g  (0.0025  mole)  of  N,N*-dicyclohexylcarbodiimide  in  methylene 
chloride  solution  and  0.8  g  (0.0014  mole)  of  N-trityl-glycyl-valyl-phenylalanine  (in  portions)  were  added,  after 
which  the  solution  was  allowed  to  stand  overnight.  The  obtained  precipitate  of  dicyclohexylurea  was  filtered,  and 
the  filtrate  was  washed  with  5*7®  acetic  acid,  water,  5N  ammonia  solution,  again  with  water,  and  then  dried  over 
sodium  sulfate.  After  removal  of  the  solvent,  the  residual  oil  crystallized  when  treated  with  alcohol.  The  substance 
was  purified  by  recrystallization  from  benzene.  M.p.  193“;  yield  0.73  g  (89*7®).  The  compound  is  new.  The  sub  - 
stance  is  soluble  in  alcohol  and  in  hot  benzene,  is  insoluble  in  water,  and  gives  a  biruet  reaction  w  ith  ^ 

wavelength  of  525  mp.  Chromatographic  analysis  of  the  hydrolyzate  confirmed  the  presence  of  four  amino  acids  in 
a  compound,  namely  glycine,  valine,  phenylalanine  and  alanine. 

Found  *7®;  C  72.19;  H  7.06;  N  8.44.  C40H46O5N4.  Calculated  *7®:  C  72.48;  H  7.00;  N  8.46. 

Study  of  some  properties  of  the  ethy  esters  of  N  -  tri  ty  1  -  tripe  pt  ides .  a)  Heating 
without  solvent  (in  the  solid  state).  When  the  esters  of  the  N-trityltripeptides  were  heated  up  to  the  melting 
p>oint  and  higher  it  was  found  that  the  ester  of  N-trityl-glycyl-valyl-phenylalanine  remains  completely  unchanged 
at  the  melting  pnaint,  while  at  300“  a  partial  removal  of  the  trityl  radical  is  observed.  In  the  case  of  the  ester  of 
N-trityl-glycyl-alanyl-phenylalanine  the  trityl  radical  is  cleaved  almost  completely  under  these  conditions  (300“). 
The  chromatographic  analysis  method  was  used  to  study  the  products  obtained  from  the  heating. 

Removal  of  tritylprotection.  a)  Heating  with  50*7®  acetic  acid.  The  N-trityltri peptide 
ester  fO.l  g)  was  heated  for  1  min  with  5  ml  of  50*7®  acetic  acid  on  the  boiling  water  bath.  After  removal  of  the 
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tripenylcarbinol  by  filtration,  the  copper  complexes  of  the  tripeptide  esters  were  prepared.  The  spectrophotometric 
curve  showed  maximum  absorption  at  a  wavelength  of  572  mp  for  the  ester  of  glycyl-alanyl- phenylalanine  and  at 
570  m/i  for  the  ester  of  glycyl-valyl- phenylalanine. 

b)  Heating  in  ethyl  alcohol  with  10*^  hydrochloric  acid.  The  N-trityltripeptide  (0.1  g) 
in  2  ml  of  alcohol  was  heated  for  1  min  with  0.2  ml  of  ION  hydrochloric  acid.  The  alcohol  was  distilled  in  vacuo, 

1  ml  of  benzene  was  added  to  the  residue,  and  the  hydrochloride  of  the  tripeptide  ester  was  precipitated  with  ether. 
The  obtained  oil  crystallized  when  placed  in  a  desiccator  over  phosphorus  pentoxide.  By  chromatographic  analysis 
it  was  shown  that  in  the  case  of  the  N-trityl-glycyl-alanyl- phenylalanine  ester  there  occurs  together  with  removal 
of  the  trityl  group,  also  a  partial  cleavage  of  glycine,  and  in  the  case  of  the  N-trityl-glycyl-valyl-phenylalanine 
ester  even  a  partial  hydrolysis  ot  the  amino  acids. 

c)  Treatment  with  monochloroace tic  acid  at  room  temperature.  To  0.39  g  (0.0007 
mole)  of  the  N-trityl-glycyl-valyl-phenylalanine  ester  was  added  a  solution  of  0.73  g  (0.007  mole)  of  monochloro- 
acetic  acid  in  5  ml  of  water,  and  the  whole  was  allowed  to  stand  overnight  a  room  temperature.  After  separation  of 
the  triphenylcarbinol  by  filtration,  and  removal  of  the  monochloroacetic  acid  by  ether  extraction  of  the  hydrochloric 
acid  acidified  aqueous  solution,  we  obtained  the  hydrochloride  of  the  ethyl  ester  of  glycyl-valyl-phenylalanine.  The 
copper  biruet  complex  of  this  peptide  shows  maximum  light  absorption  at  a  wavelength  of  570  mji.  Yield  0.2  g  • 
(48.2*70). 

Found  *70;  C  55.99;  H  7.71;  N  11.33.  Cjg  H28O4N3CI.  Calculated ‘5b:  C  56.02;  H  7.31;  N  10.88. 

SUMMARY 

1.  The  ethyl  esters  of  N-trityl-glycyl-valyl-phenylalanine,  N-trityl-glycyl-alanyl-pheriyiaianine,  and 
N-trityl-glycyl-valyl-phenylalanyl-alanine  were  synthesized,  and  some  of  their  properties,  were  examined. 

2.  It  was  found  that  the  presence  of  the  triphenylmethyl  group  has  a  substantial  effect  on  the  formation  of  the 
copper  biuret  complexes  of  the  esters  and  free  tripeptides,  either  shifting  the  light- absorption  maxima  of  the  cor¬ 
responding  peptides  or  else  completely  preventing  their  formation. 

3.  It  was  shown  that  the  triphenylmethyl  protection  can  be  removed  with  monochloroacetic  acid  at  room 
temperature. 
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CATALYTIC  REDUCTION  OF  AROMATIC  NITRO  COMPOUNDS 
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The  question  of  the  effect  of  the  constitutional  characteristics  of  organic  molecules  on  their  reactivity  in 
heterogeneous  catalytic  transformations  is  very  complex.  Frequently  the  same  group  of  atoms,  introduced  into  the 
composition  of  a  molecule,  may  exert  not  only  a  variable,  but  at  times  even  a  diametrically  opposite  effect  on  the 
reaction  rate,  depending  on  the  nature  of  the  catalyst  used  and  the  conditions  of  running  the  process  [1]. 

The  present  investigation  was  undertaken  for  the  purpose  of  studying  the  effect  of  the  presence  and  position  of 
the  phenolic  hydroxyl  group  on  the  kinetics  of  the  reduction  of  the  nitro  group  in  isomeric  nitrophenols  in  the  presence 
of  skeletal  nickel  or  platinum. 


EXPERIMENTAL 

The  o-*  and  p- nitrophenols  were  prepared  by  the  nitration  of  phenol  [2],  and  after  separation  and  careful  puri¬ 
fication  they  had  melting  points  45  and  114*,  respectively.  m-Nitrophenol  was  synthesized  by  the  diazotization  of 
m-nitroaniline  and  subsequent  decomposition  of  the  diazonium  salt  [3].  The  purified  compound  had  m.p.  96*.  Puri¬ 
fied  electrolytic  hydrogen  was  used  for  the  reduction  of  the  nitro  compounds,  which  was  run  in  a  "duck"  [Translator: 
a  glass  vessel  equipped  with  two  vertical  necks  at  each  end],  shaken  at  a  rate  of  550-600  oscillations  per  minute. 
Alcohol  (50°)  served  as  the  solvent,  while  O.IN  NaOH  solution  in  alcohol  (50°)  was  used  as  the  solvent  in  the  experi¬ 
ments  where  the  effect  of  alkali  on  the  course  of  the  reaction  was  studied.  The  skeletal  nickel  catalyst  was  prepared 
by  leaching  0.50  g  of  a  nickel- aluminum  alloy,  containing  33*^0  nickel.  Promotion  of  the  skeletal  nickel  was  done  by 
depositing  0.0019  g  of  palladium  on  the  catalyst.  The  technique  of  preparing  the  catalyst,  the  promoting,  and  the 
experimental  procedure  were  described  previously  [4].  The  platinum  catalyst  was  prepared  by  the  direct  reduction 
in  the  "duck"  of  0.050  g  of  platinum  oxide,  obtained  by  the  Adams  procedure.  The  kinetics  of  the  reduction  of  the 
nitro  compounds  was  studied  by  the  rate  of  hydrogen  absorption.  At  the  same  time,  the  potential  of  the  catalyst  dur¬ 
ing  the  course  of  reaction  was  measured  by  the  compensation  method  against  the  O.IN  calomel  electrode.  The  con¬ 
centration  of  the  reduced  substances  and  the  experiment  temperature  were  varied.  In  those  cases  where  the  process 
went  at  a  constant  or  almost  constant  rate  up  to  75*70  hydrogen  absorption,  the  average  reaction  rates,  given  in  the 
tables,  were  calculated.  In  addition,  the  course  of  the  reduction  of  0.300  g  of  nitrobenzene  and  0.339  g  of  nitrophenols 
(the  maximum  amounts  investigated)  at  25°  is  shown  in  the  graphs,  where  the  kinetic  and  potentiometric  curves  are 
drawn. 


The  data,  obtained  on  skeletal  nickel  in  neutral  aqueous-alcohol  medium,  are  plotted  in  Fig.  1.  Curve  I, 
representing  the  kinetics  of  the  reduction  of  nitrobenzene,  passes  through  both  a  minimum  and  a  maximum.  The 
reduction  of  the  isomeric  nitrophenols  (Curves  II-  IV)  goes  with  little  change  in  the  rate  almost  to  the  very  end,  i.e., 
introduction  of  phenolic  hydroxyl  into  the  molecule  leads  to  a  leveling  of  the  kinetic  curve. 

The  effect  of  the  concentration  of  the  nitrophenols  on  their  average  reduction  rate  can  be  traced  using  the 
data  in  Table  1,  from  which  it  follows  that  when  the  process  is  run  on  unpromoted  catalyst  an  increase  of  2  to  3 
times  in  the  weight  of  nitrophenols  taken  for  reduction  leads  to  a  very  slight  acceleration  of  the  reaction. 

Increasing  the  temperature  from  5  to  50°  (Table  2)  causes  the  average  reduction  rate  of  the  nitrophenols  to 
increase;  the  reduction  activation  energies  of  all  of  the  isomers  vary  within  quite  limits,  from  8000  -  12,000  to  1600  - 
2600  cal.  As  can  be  seen  from  the  presented  data,  the  activation  energy  for  the  reduction  of  o-nitrophenol  is  lower 
than  for  the  other  two  isomers. 
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Fig.  1.  Reduction  of  nitrobenzene  (I),  o-nitro' 
phenol  (II),  m-nitrophenol  (III),  and  p-nitro- 
phenol  (IV)  on  skeletal  nickel,  in  50*  ethanol. 
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Promotion  of  the  skeletal  nickel  by  palladium,  done  for  the 
purpose  of  enriching  the  catalytic  surface  with  hydrogen  [5],  led 
to  the  following  results.  Both  the  minimum  and  the  maximum 
disappeared  on  the  kinetic  curve  for  the  reduction  of  nitrobenzene 
(Fig.  2,  Curve  I).  The  shape  of  the  kinetic  curves  for  the  reduction 
of  the  nitrophenols  (Curves  n  -  IV)  remained  for  the  most  part  un¬ 
changed.  The  energy  of  activation  changes  with  the  temperature 
in  a  narrower  range  than  in  the  case  of  the  unpromoted  catalyst. 
When  promoter  was  deposited  on  the  catalyst,  the  activation  energy 
for  the  reduction  of  all  of  the  isomeric  nitrophenols  in  the  temper¬ 
ature  range  25-5*  decreased  from  8000  -  12,000  to  4000  -  6000  cal. 
D.  V.  Sokol'skii  had  previously  shown  [8]  that  activation  energies 
of  the  order  of  10,000  -  12,000  cal  are  characteristic  for  liquid  - 
phase  hydrogenation  processes  which  are  limited  by  the  activation 
of  the  hydrogen,  while  activation  energies  of  the  order  of  5000  - 
6000  cal  are  inherent  to  processes  which  are  limited  by  the  activa¬ 
tion  of  the  unsaturated  compounds. 


2:Vg{m\  Hj) 


From  the  data  in  Table  2  it  can  also  be  seen  that  promotion 
of  the  skeletal  nickel  by  palladium  led  at  5*  to  an  acceleration  of 
the  reduction  of  the  nitrophenols  by  a  matter  of  2  -  3  times,  while 
at  higher  temperatures  (25  -  50°)  the  acceleration  of  the  reaction 
was  comparatively  slight.  On  the  basis  of  the  presented  data  it  is 
p>ossible  to  conclude  that  on  unpromoted  skeletal  nickel  at  5°  the 
reduction  of  all  of  the  isomeric  nitrophenols  is  limited  by  the  ac¬ 
tivation  of  the  hydrogen,  in  which  connection  this  is  expressed  to 
less  degree  for  the  ortho- isomer  than  for  the  other  two  isomers. 

On  the  promoted  catalyst  the  reaction  is  limited  mostly  by  the 
activation  of  the  nitrophenols. 


Fie.  2.  Reduction  of  nitrobenzene  (1),  o-nitro-  .  .  .  ,  .  .  „ 

.  ,  ,  An  analogous  series  of  experiments  was  run  m  alkaline 

phenol  (II),  m-nitrophenol  (III),  and  p-nitro-  r- 

.  ,  ,  ,  ,  ,  ,  medium.  The  nitrophenols  used  in  these  experiments  were  first 

phenol  (IV)  on  skeletal  nickel,  promoted  by  .  j 

.  .  converted  to  the  nitrophenolates.  The  kinetic  and  potentiomettic 

palladium,  in  50  ethanol.  ,,  j..  .. 

curves  for  the  reduction  of  nitrobenzene  and  the  isomeric  nitro  - 

phenolates  on  skeletal  nickel  in  alkaline  aqueous- alcohol  medium 
are  shown  in  Fig.  3.  The  reduction  of  nitrobenzene  (Curve  I)  under  these  conditions,  beginning  at  a  very  slow  rate, 
soon  stopped  completely.  The  potential  of  the  catalyst  at  the  very  start  of  reaction  was  shifted  to  the  positive  side 
by  360  niv,  and  then  by  another  40  mv,  which  testifies  to  the  complete  displacement  of  the  hydrogen  from  the  catal¬ 
ytic  surface  [6].  The  same  situation  was  also  observed  in  the  reduction  of  the  m-nitrophenolate  (Curve  III),  i.e.,  the 


TABLE  1. 


Reduced  substance 

Weight 
(in  g) 

Averagt 
(in  ml  Hj 

rate 

/min) 

1 

N-,  1 

Pd- promoted 
Ni 

.  ( 

0.113 

10.4 

13.8 

o-Nitropnenol  J 

0.226 

11.3 

15.6 

1 

0.339 

11.S 

13.2 

( 

0.113 

4.3 

6.8 

m-Nitrophenol  ( 

0.226 

4.7 

6.8 

1 

0.339 

5.7 

7.2 

1 

0.113 

3.3 

7.1 

p-Nitrophenol  ; 

0.226 

4.1 

7  5 

1 

0.339 

4.3 

6.8 

Remarks.  Solvent- alcohol  (50°). 
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TABLE  2. 


Reduced  substance 

■■ 

Skeletal  Ni 

Skeletal  Ni,  promoted 
by  P  d 

■ 

1 

average  rate 

(in  mfHi/ 
min)_ _ 

activation 

energy 
(in  cal) 

average  rate| 
(in  ml  H2/  1 
min)  1 

activation 

energy  „ 

(in  cal) 

o-Nitrophenol 

5° 

25 

40 

50 

4.4 

11.8 

14.4 

15.6 

8100 

2500 

1600 

7.8 

13.2 

18.4 

24.2 

4300 

4100 

5500 

m-Nitrophenol 

5 

25 

40 

50 

1.3 

5.7 

10.9 

12.1 

12000 

8000 

2100 

3.4 

7.2 

9.1 

12.2 

6200 

2900 

2900 

p-Nitrophenol 

1 

5 

25 

40 

50 

1.3 

4.1 

8.0 

9.1 

10500 

6600 

2600 

4.3 

6.8 

13.9 

14.4 

3800 

8800 

Remarks.  Solvent— alcohol  (50*);  weight  of  nitrophenol  0.339  g. 

reaction  stopped  due  to  poisoning  of  the  catalyst  by  the  reduced  substance.  The  reduction  of  the  o-  and  p-nitro- 
phenolates  goes  to  completion  at  a  constant  rate  (Curves  IV  and  II),  in  which  connection  the  ortho-isomer  reacts  with 
hydrogen  more  than  4  times  faster  than  the  para-isomer.  The  potential  of  the  catalyst  at  the  start  of  reaction  is 
shifted  toward  the  anode  side  by  240  and  220  mv,  respectively,  and  up  to  75*70  hydrogen  absorption  it  changes  very 
slowly,  after  which  it  returns  to  the  original  value  of  the  reversible  hydrogen  potential  with  ever  increasing  speed. 


TABLE  3. 


Reduced  substance 


Weight 

(i«  g) 


Average  rate 
(in  ml  Hj/  min) 


skeletal  Ni 


[skeletal  Ni, 

rTrpj' 


Sodium  o-nitro- 
phenolate 

Sodium  m-nitro- 
phenolate 


0.136 

11  6 

0.262 

122 

0.4(K) 

127 

oi:i6 

0.7^;  4.5’ 

0  262 

0.0 

0.400 

0.0 

10.2 

10.8 

9.9 

6.4 

5.8 

3.9 


Sodium  p-nitro- 
phenolate 


0  136 
0.262 
0.400 


2.6 

2.7 

2.8 


3.7 

3.9 

4.0 


Remarks.  Solvent— 0. IN  NaOH  solution  in  50“  alcohol,  temper¬ 
ature  25*.  a...  .  _  b^,„. 

Minimum  rate;  maximum  rate. 

As  can  be  seen  from  the  data  in  Table  3,  deposition  of  the  promoter  on  skeletal  nickel  exerts  a  variable  effect 
on  the  reduction  rate  of  the  isomers  in  alkaline  medium.  The  o-nitrophenolate  is  reduced  at  a  slower  rate  on  the 
promoted  catalyst  than  on  the  unpromoted.  Increasing  the  concentration  of  this  isomer  when  the  process  is  run  on  un¬ 
promoted  catalyst  increases  the  reduction  rate  somewhat.  In  total,  these  data  testify  to  the  fact  that  on  unpromoted 
catalyst  the  reaction  of  the  o-nitrophenolate  with  hydrogen  is  limited  by  the  activation  of  the  reduced  substance.  The 
m-nitrophenolate  in  alkaline  medium  on  unpromoted  catalyst  is  reduced  only  at  low  concentrations  (0.136  g).  When 
promoter  is  deposited  on  the  catalyst,  the  reduction  of  the  same  compound  goes  almost  to  the  very  end  at  a  constant 
rate  for  a  sample  2-3  times  as  large.  However,  the  reduction  rate  of  the  m-nitrophenolate  drops  considerably  with 
increase  in  the  concentration.  These  data  testify  to  the  fact  that  the  reaction  on  promoted  catalyst,  the  same  as  on 
unpromoted  catalyst,  is  limited  by  the  activation  of  the  hydrogen. 
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Fig.  3.  Reduction  of  nitrobenzene  (1),  sodium  o-nitro- 
phenolate  (II),  sodium  m-nitrophenolate  (III)  and  so¬ 
dium  p-nitrophenolate  (IV)  on  skeletal  nickel  in  0.1  N 
NaOH  solution,  in  50*  ethanol. 


Fig.  4.  Reduction  of  nitrobenzene  (I),  sodium  o-nitro- 
phenolate  (II),  sodium  m-nitrophenolate  (III)  and  so¬ 
dium  p-nitrophenolate  (IV)  on  skeletal  nickel,  pro¬ 
moted  by  palladium,  in  O.IN  NaOH  solution,  in  50® 
ethanol. 
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Fig.  5.  Reduction  of  nitrobenzene  (1),  sodium  o-nitro- 
phenolate  (II),  sodium  m-nitrophenolate  (III)  and  so¬ 
dium  p-nitrophenolate  (IV)  on  platinum  in  O.IN  NaOH 
solution,  in  50®  ethanol. 


Increasing  the  concentration  of  the  p-nitrophenolate 
does  not  affect  the  reaction  rate,  but  promotion  of  the  cat¬ 
alyst  accelerates  the  reaction  somewhat.  Consequently, 
also  In  this  case  reaction  on  the  unpromoted  catalyst  Is 
limited  by  the  activation  of  the  hydrogen,  but  to  a  lesser 
degree  than  In  the  reduction  of  the  meta-lsomer.  As  a  re¬ 
sult,  depending  on  the  position  of  the  ONa  group  In  the  nu¬ 
cleus,  the  stage,  limiting  progress  of  the  reduction  of  the 
nltro  group,  changes. 

According  to  the  potentlometrlc  data,  both  on  un¬ 
promoted  and  promoted  skeletal  nickel  catalyst  (see  Figs. 

3  and  4),  of  all  of  the  compounds  Investigated,  nitroben  - 
zene  is  adsorbed  the  best.  The  shift  in  the  potential  of 
the  catalyst  during  the  reduction  of  the  nitrobenzene  is  the 
largest.  Introduction  of  phenolic  hydroxyl  and  the  ONa 
group  both  lower  the  adsorption  capacity  of  the  nltro  com¬ 
pound,  in  which  connection  the  decrease  varies,  depending 
on  the  position  of  the  substituent  in  the  nucleus.  The  ad¬ 
sorption  is  hindered  least  when  the  phenolic  hydroxyl  is 
found  meta  to  the  nitro  group,  and  most  when  the  hydroxyl 
group  is  in  the  ortho- position.  The  fact  that  the  o-nitro- 
phenolate  shows  the  least  adsorption  is  possibly  due  to  the 
ortho-effect,  which  facilitates  increased  solvation  of  the 
molecule,  and  this  hinders  the  adsorption  of  the  molecule 
on  the  catalyst.  Since  on  skeletal  nickel  the  reduction  of 
nitrobenzene  is  limited  by  the  activation  of  the  hydrogen, 
the  introduction  of  a  substituent,  decreasing  the  adsorption 
of  the  nitro  compound,  leads  to  a  change  in  the  quantitative 
ratio  of  the  reacting  components  on  the  surface  of  the  cat¬ 
alyst  toward  increasing  the  hydrogen  fraction,  which  has  a 
favorable  effect  on  the  reaction  rate.  In  addition,  it  must 
be  kept  in  mind  that  the  phenolic  hydroxyl  and,  to  an  even 
greater  degree,  the  ONa  group  both  show  a  positive  indue  - 
tion  effect  and  a  positive  conjugation  effect,  as  a  result  of 
which  the  reactivity  of  the  molecule  is  increased  substan¬ 
tially,  especially  in  the  ortho-  and  para- positions  [7]. 

Which  of  these  factors  predominates  and  determines  the 
variation  in  the  reaction  rate  depends  on  the  concrete  con¬ 
ditions  of  running  the  reaction. 

When  the  process  is  run  on  skeletal  nickel  in  alkaline 
medium,  the  reaction  rate  is  influenced  not  only  by  a  de¬ 
crease  in  the  adsorption  of  the  nitro  compound  as  the  result 
of  introducing  the  ONa  group  into  its  composition,  but  also 
by  a  change  in  the  reactivity  of  the  molecule.  In  the 
present  case  both  factors  exert  a  positive  effect  on  the 
course  of  the  reaction  and  give  a  substantial  effect. 


We  will  examine  another  case.  The  kinetic  and  po- 
tentiometric  curves  for  the  reduction  of  nitrobenzene  and 
the  isomeric  nitrophenolates  on  platinum  in  alkaline  me¬ 
dium  are  shown  in  Fig.  5.  Under  these  conditions  the  in¬ 
vestigated  compounds,  when  arranged  in  the  order  of  increasing  reduction  rate,  fall  into  a  series  that  is  diametrically 
opposite  to  the  case  where  skeletal  nickel  was  used,  i.e.,  on  platinum  the  maximum  reduction  rate  is  shown  by  nitro¬ 
benzene,  followed  by  the  m-  and  p- nitrophenolates  and,  finally,  the  ortho-isomer  is  the  slowest  of  all  to  react. 
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Fig.  6.  Reduction  of  o-nitrophenol  (I),  m-nitro- 
phenol  (II)  and  p-nitrophenol  (III)  on  platinum, 
in  50“  ethanol. 


The  arrangement  of  the  potentiometric  curves  testifies  to 
the  fact  that  on  platinum,  the  same  as  in  the  case  of  skeletal  nickel, 
introducing  the  ONa  group  into  the  composition  of  the  nitro  com¬ 
pound  reduces  the  adsorption,  in  which  connection  the  ortho-ONa 
group  hinders  adsorption  to  a  greater  degree  than  when  in  either 
the  para-  or  meta- position. 

Increasing  the  nitrobenzene  concentration  (Table  4)  leads  to 
a  slight  acceleration  of  the  reaction.  Consequently,  In  the  given 
case  hydrogen  does  not  limit  the  progress  of  reaction,  and  because 
of  this,  introducing  the  ONa  group,  which  hinders  adsorption  of  the 
nitro  compound,  leads  to  a  decrease  in  the  reaction  rate. 


Under  these  conditions,  changing  the  reactivity  of  the  nitro 
compound  because  of  introducing  a  substituent  into  its  composition 
apparently  does  not  exert  significant  effect  on  the  reaction  rate,  as  long  as  the  second  reacting  component,  hydrogen, 
is  present  in  sufficient  amount.  Consequently,  the  main  factor  determining  the  reaction  rate  in  the  present  case  is-  the 
effect  of  the  substituent  on  the  adsorption  capacity  of  the  nitro  compound.  The  different  isomers  show  a  variable  ad¬ 
sorption  capacity  due  to  the  quite  high  stability  of  the  hydrogen  bond  with  platinum  in  alkaline  medium  [8],  This 
bond  must  be  surmounted  if  the  molecule  is  to  adsorb.  Naturally,  displacing  the  hydrogen  from  the  catalyst  surface 
goes  slower  if  constitutional  characteristics,  hindering  adsorption  of  the  molecule,  are  present. 


TABLE  4. 


Weight  of  nitro¬ 
benzene  (in  g) 

Average  rate 
(in  mlH2/min) 

0.098 

4.8 

0.204 

5.0 

0.300 

6.8 

Remarks.  Reduction  of  nitrobenzene 
on  platinum  in  0.1  N  NaOH  solution 
in  50“  alcohol  at  25“ . 


In  neutral  medium  the  bond  between  the  hydrogen  and  platinum  is  less 
stable,  and  consequently,  as  can  be  seen  from  Fig.  6,  the  position  of  the  phen¬ 
olic  hydroxyl  in  the  molecule  exerts  little  effect  on  the  reaction  rate. 

SUMMARY 

1.  A  study  was  made  of  the  effect  of  the  presence  and  position  of  phen¬ 
olic  hydroxyl  on  the  kinetics  of  the  catalytic  reduction  of  the  nitro  group  in 
the  isomeric  nitrophenols  over  skeletal  nickel  and  platinum  in  neutral  and 
alkaline  aqueous-alcohol  medium. 

2.  Both  the  phenolic  hydroxyl  and  the  ONa  group,  introduced  into  a 
nitro  compound,  lower  the  adsorption  of  the  molecule  on  both  skeletal  nickel 
and  platinum  catalysts,  in  which  connection  the  greatest  effect  is  shown  when 
the  group  is  in  the  ortho- position,  followed  by  para,  and  then  the  meta-sub¬ 
stituent  showing  the  weakest  effect. 


3.  When  the  reaction  is  run  on  skeletal  nickel  in  alkaline  medium  the  presence  of  the  ONa  group  in  the  nitro 
compound  accelerates  the  reduction,  and  the  studied  compounds  when  arranged  in  the  order  of  increasing  reaction 
rate  fall  into  the  following  series:  nitrobenzene,  m-nitrophenolate,  p-nitrophenolate,  o-nitrophenolate.  In  contrast, 
on  platinum  the  ONa  group  hinders  the  reduction  of  the  nitro  compound  and  the  sequence  followed  by  the  compounds 
when  arranged  in  the  order  of  increasing  reaction  rate  is  diametrically  opposite. 
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CATALYTIC  REDUCTION  OF  AROMATIC  NITRO  COMPOUNDS 
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The  present  paper  is  devoted  to  a  study  of  the  effect  of  the  presence  and  position  of  the  carboxyl  group  on  the 
kinetics  of  the  catalytic  reduction  of  the  nitro  group  in  isomeric  nitrobenzoic  acids  over  skeletal  nickel  and  platinum. 

It  is  a  widely  known  fact  that  the  carboxyl  group,  when  introduced  into  a  molecule,  lowers  the  reactivity  of  the 
latter  [1].  However,  in  heterogeneous  catalytic  transformations  the  effect  of  the  carboxyl  group  is  not  limited  to  this. 
Ihrogress  of  reaction  in  heterogeneous  catalysis  is  intimately  associated  with  the  adsorption  of  the  reactants  on  the  cat¬ 
alyst;  consequently,  the  effect  of  the  substituent  is  coupled  with  a  change  in  the  quantitative  ratio  of  the  reacting 
components  on  the  surface  of  the  catalyst,  which  under  certain  conditions  has  decisive  significance  on  the  value  of 
the  reaction  rate.  Tlie  effect  of  the  mutual  position  of  substituting  groups  on  the  adsorption  of  the  nitrobenzoic  acids 
was  studied  by  Ermolenko  and  Skorokhod  [2],  who  established  that  the  degree  to  which  o- nitrobenzoic  acid  is  adsorbed 
from  aqueous  solutions  on  activated  carbon  is  considerably  lower  than  the  adsorption  of  the  corresponding  meta  and 
para  derivatives,  llie  authors  attribute  this  difference  to  the  direct  proximity  of  two  polar  groups  in  the  o- nitroben¬ 
zoic  acid,  as  a  result  of  which  solvation  of  the  molecule  in  a  polar  solvent  increases,  and  this  leads  to  a  reduction  in 
the  adsorption. 


EXPERIMENTA  L 

The  p- nitrobenzoic  acid  used  in  the  experiments  was  prepared  by  the  oxidation  of  p-nitrotoluene  with  potassium 
dichromate  in  concentrated  sulfuric  acid  solution  [3];  o-nitrobenzoic  acid  was  prepared  by  the  oxidation  of  o-nitro- 
toluene  with  potassium  permanganate  [4],  while  m- nitrobenzoic  acid  was  obtained  by  the  nitration  of  benzoic  acid 
[4].  The  synthesized  acids  were  carefully  purified  by  repeated  recrystallization  from  water,  after  which  they  had  the 
following  melting  points:  p-nitrobenzoic  acid  240°,  o-nitrobenzoic  acid  147.5°,  m- nitrobenzoic  acid  141°.  Nitro¬ 
benzene  was  purified  by  refluxing  over  solid  KOH  and  after  distillation  had  b.p.  109°  (690  mm). 

The  skeletal  nickel  catalyst  was  prepared  by  the  leaching 
of  1.0  g  of  nickel- aluminum  alloy,  containing  nickel.  The 
other  catalysts,  reagents,  and  the  conditions  and  method  of  running 
the  experiments  are  given  in  a  previous  communication  [5]. 

The  reduction  of  the  studied  compounds  on  skeletal  nickel 
in  neutral  aqueous -alcohol  medium  at  25°  is  depicted  in  Fig.  1. 
The  kinetic  curve  for  the  reduction  of  0.300  g  of  nitrobenzene 
(Curve  I)  has  both  a  minimum  and  a  maximum.  Introduction  of 
the  carboxyl  group  in  any  position  relative  to  the  nitro  group 
leads  to  a  disappearance  of  both  the  minimum  and  the  maximum 
on  the  kinetic  curve  (Curves  II— IV),  and  in  the  case  of  the  ortho¬ 
position  (Curve  II),  also  to  some  acceleration  of  the  reaction. 

As  can  be  seen  from  the  data  in  Table  1,  raising  the  tem- 
jjerature  from  5  to  50°  increases  the  reduction  rate  of  all  of  the 
isomeric  nitrobenzoic  acids.  It  is  characteristic  that  the  amount  of  hydrogen,  absorbed  from  the  gas  phase  during  the 
reduction  of  the  compound,  decreases  with  increase  in  the  temperature.  Analysis  of  the  reaction  mixture,  made  at 


Fig.  1.  Reduction  of  nitrobenzene  (1),  o-nitroben 
zoic  acid  (II),  m- nitrobenzoic  acid  (III)  and 
p-nitrobenzoic  acid  (IV)  on  skeletal  nickel,  in 
50°  ethanol,  at  25°. 


TABLE  1. 


Reduced  substance 

Tempera¬ 

ture 

Average  rate 
(in  mlHj/ 
min) 

Activation 
energy 
(in  cal) 

Volume  of 
hydrogen 
absorbed 
during  re¬ 
action  (ml) 

Time 
required  to 
absorb  V4  of 
the  hydrogen 
( in  min) 

( 

r)<i 

5.4 

167.1 

28 

o-Nitrobcnztiic  1 

25 

7.8 

157.7 

16 

acid  { 

40 

17.3 

yjou 

147.3 

8 

1 

r.0 

18.3 

146.4 

7 

5 

1.7 

167.6 

77 

m-Nitrobenzoic  1 

25 

3.4 

164.1 

37 

acid  I 

40 

8.4 

163.4 

15 

[ 

50 

11.4 

u  1 OU 

156.5 

11 

{ 

5 

1.1 

172.0 

92 

p- Nitrobenzoic  1 

25 

3.1 

8360 

170.0 

43 

acid  2 

40 

6.1 

6400 

166.0 

22 

t 

50 

9.1 

160.2 

15 

Remarks.  Catalyst- skeletal  nickel,  solvent- alcohol  (50“),  weight  of  nitrobenzoic  acids 
0.408  g. 


intervals  during  the  reduction  of  nitrobenzene,  revealed  that  this  may  be  associated  with  an  increased  participation 
in  the  reaction  of  the  hydrogen,  adsorbed  on  the  skeletal  nickel,  which  on  conclusion  of  reaction  is  not  completely 
restored  on  the  catalyst  [6].  Changing  the  concentration  of  the  nitrobenzoic  acids  when  the  process  is  run  over  skele 
tal  nickel  in  neutral  medium  (Table  2)  has  bery  little  effect  on  the  reduction  rate. 


Fig.  2.  Reduction  of  nitrobenzene  (I),  o-nitro- 
benzoic  acid  (II),  m- nitrobenzoic  acid  (IK)  and 
p- nitrobenzoic  acid  (IV)  on  skeletal  nickel, 
promoted  by  palladium,  in  50°  ethanol,  at  25°. 


Nitrobenzene  and  the  isomeric  acids  were  also  reduced 
using  skeletal  nickel,  promoted  by  palladium.  The  results  of  the 
experiments  are  shown  in  Fig.  2.  The  reduction  of  nitrobenzene 
under  these  conditions  goes  at  a  constant  rate  (Curve  1).  The 
character  of  the  kinetic  curve  for  the  reduction  of  p- nitrobenzoic 
acid  (Curve  IV)  on  the  promoted  catalyst  remained  approximately 
the  same  as  on  the  unpromoted  catalyst,  whereas  the  average  rate 
nearly  doubled.  The  reduction  rates  of  the  m-  and  o-nitrobenzoic 
acids  also  increased  on  the  promoted  catalyst,  by  a  matter  of  4 
and  2.4  times,  respectively.  The  results  obtained  on  the  promoted 
catalyst  serve  as  evidence  that  the  reduction  of  the  nitrobenzoic 
acids  on  skeletal  nickel  is  limited  by  the  activation  of  the  hydro¬ 
gen.  However,  the  data  on  the  effect  of  the  concentrations  of  the 
nitrobenzoic  acids,  and  also  the  activation  energy  values  for  the 
reduction  of  the  acids  on  unpromoted  catalyst  (Table  2),  indicate 
that  the  limiting  stage  is  not  expressed  as  clearly  as  in  the  case 
of  the  unsubstituted  nitrobenzene  [7]. 


Analogous  experiments  were  run  in  alkaline  medium.  First  the  nitrobenzoic  acids  were  converted  to  the  cor¬ 
responding  sodium  salts.  During  the  study  it  was  found  that  the  sodium  salts  of  all  of  the  isomeric  nitrobenzoic  acids, 
taken  in  amounts  equivalent  to  the  tested  weights  of  nitrobenzoic  acids  (0.408-0.136  g),  are  not  completely  reduced 
on  unpromoted  skeletal  nickel  catalyst  in  alkaline  medium.  The  absorption  of  hydrogen  from  the  gas  phase,  beginning 
at  a  slow  rate,  soon  stopped  completely,  and  here  the  potential  of  the  catalyst  shifted  more  than  400  mv  toward  the 
positive  side. 

As  a  result,  the  introduction  of  the  COONa  group  into  the  molecule  markedly  increases  the  ability  of  the  nitro 
compound  to  deactivate  the  skeletal  nickel  catalyst.  Reduction  of  the  sodium  salts  of  the  isomeric  nitrobenzoic  acids 
to  the  corresponding  amines  on  skeletal  nickel  catalyst  in  alkaline  medium  under  the  conditions  selected  by  us  can 
be  done  only  in  the  case  where  the  weight  of  the  salts  is  reduced  to  0.100  g.  The  curves  for  the  reduction  of  such 
amounts  are  shown  in  Fig.  3.  The  kinetic  curves  of  all  of  the  isomers  pass  through  a  minimum  and  a  maximum,  the 
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presence  of  which,  as  was  shown  earlier  [6,7],  testifies  to  the  stepwise  course  of  the  reaction  due  to  the  lack  of  hydro¬ 
gen  on  the  catalyst  surface. 


TABLE  2. 


Reduced  substance 


o-Nitrobenzoic 

acid 

m- Nit  roben  zoic 
acid 


p-Nitrobenzoic 

acid 


Weight 

(in  R) 

Average  rate 
(in  ml  H2/  min) 

. 

skeletal  Ni 

skeletal  Ni, 
promoted 
by  Pd 

0.131) 

8.8 

1.5.8 

0.272 

7.8 

16.8 

O.iOS 

7.8 

18.9 

0.1 3() 

3.6 

9.1 

0.272 

3.4 

12.0 

0./i08 

3.4 

13.7 

0.136 

3.3 

7.7 

0.272 

3.3 

10.3 

0.408 

3.1 

5.8 

Remarks.  Solvent-ethanol  (50*),  temperature  25*. 


Fig.  3.  Reduction  of  sodium  o-nitro- 
benzoate  (1),  sodium  m-nitrobenzoate 
(11)  and  sodium  p-nitrobenzoate  (III) 
on  skeletal  nickel,  in  O.IN  NaOH  so¬ 
lution,  in  50°  ethanol,  at  25°. 


Increasing  the  amount  of  active  hydrogen  on  the  skeletal  nickel  surface 
by  depositing  palladium  leads  to  the  situation  that  such  catalyst  acquires  the 
ability  to  reduce  much  larger  amounts  of  salts.  In  particular,  at  25°,  the 
amounts  of  sodium  p-  and  m-nitrobenzoates  that  are  reduced  are  0.144  and 
0.289  g,  respectively,  while  the  amount  of  ortho-isomer  reduced  is  as  high 
as  0.434  g.  The  curves  for  the  reduction  of  nitrobenzene  and  the  isomeric 
nitrobenzoates  (0.289  g)  on  Pd-promoted  nickel  catalyst  in  alkaline  medium 
are  shown  in  Fig.  4.  The  kinetic  curves  of  all  of  the  isomers  exhibit  well  de¬ 
fined  maxima;  consequently,  also  on  the  promoted  catalyst  the  reaction  con¬ 
tinues  to  be  limited  by  the  activation  of  the  hydrogen  [7].  The  potentiomet- 
ric  curve  of  the  reduction  of  nitrobenzene  almost  coincides  with  the  potentio- 
metric  curve  of  the  reduction  of  sodium  m-nitrobenzoate,  i.e.,  the  reduction 
of  these  compounds  goes  at  the  same  ratio  of  hydrogen  molecules  and  nitro 
compound  on  the  surface  of  the  catalyst;  despite  this,  the  m-nitrobenzoate, 
the  same  as  the  other  two  isomers,  is  reduced  at  a  slower  rate  than  the  nitro¬ 
benzene.  Apparently,  in  the  given  case  the  presence  of  the  carboxyl  group 
in  the  m-nitrobenzoate  molecule  is  responsible  for  the  lower  reactivity  shown 
by  the  latter  in  the  reduction. 


If  this  projjerty  was  the  sole  reaction  rate  determinant,  then  the  ortho¬ 
isomer  should  reduce  at  a  slower  rate  than  the  m-isomer,  since  an  aromatic 
carboxyl  group  has  an  especially  deactivating  influence  on  the  ortho  and  para 
positions  [1].  However,  as  can  be  seen  in  Figs.  1—4  and  from  the  data  in 
Tables  1  and  2,  on  both  unpromoted  and  Pd-promoted  skeletal  nickel,  in 
neutral  as  well  as  in  alkaline  medium,  it  is  the  ortho-isomer  that  is  reduced  at  the  maximum  rate,  followed  by  the 
meta-isomer  and,  finally,  the  para-isomer  reacts  the  slowest  of  all  with  hydrogen.  According  to  the  potentio metric 
data  (Figs.  3  and  4),  these  same  isomers  fall  into  the  following  order  of  decreasing  ability  to  be  adsorbed  on  nickel 
catalyst:  para-isomer  >  meta-isomer  >  ortho-isomer.  As  a  result,  an  inverse  relationship  is  observed  between  the 
reduction  rate  and  the  adsorption  ability  of  the  sodium  salts  of  the  nitrobenzoic  acids:  the  greater  the  adsorption, 
the  slower  the  reaction  rate,  which  under  the  conditions  that  the  process  is  limited  by  the  activation  of  the  hydrogen 
is  fully  valid. 


The  arrangement  of  the  kinetic  curves  for  the  reduction  of  nitrobenzene  and  the  isomeric  nitrobenzoic  acids  on 
platinum  in  aqueous-alcohol  medium  (see  Fig.  5)  reveals  that  in  this  case  introducing  the  carboxyl  group  into  the 
molecule  of  the  nitro  compound  has  a  negative  effect  on  the  reaction  rate.  On  platinum,  in  alkaline  medium,  all  of 
the  isomeric  sodium  nitrobenzoates  are  also  reduced  at  a  slower  rate  than  nitrobenzene  (see  Fig.  6).  In  contrast  to 
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Fig.  4.  Reduction  of  nitrobenzene  (I),  sodium 
o-nitrobenzoate  (II),  sodium  m-nitrobenzoate 
(III)  and  sodium  p-nitrobenzoate  (IV)  on  skele¬ 
tal  nickel,  promoted  by  palladium,  in  O.IN 
NaOH  solution,  in  50*  ethanol,  at  25*. 


Fig.  5.  Reduction  of  nitrobenzene  (I),  o-nitroben- 
zoic  acid  (II),  m-nitrobenzoic  acid  (III)  and  p- 
nitrobenzoic  acid  (IV)  on  platinum,  in  50*  ethanol, 
at  25*. 


Fig.  6,  Reduction  of  nitrobenzene  (I),  sodium 
o-nitrobenzoate  (II),  sodium  m-nitrobenzoate 
(in)  and  sodium  p-nitrobenzoate  (IV)  on  plat¬ 
inum  in  O.IN  NaOH  solution,  in  50*  ethanol, 
at  25*. 

of  substituting  groups,  it  is  necessary  to  take  into 
of  the  molecule. 


skeletal  nickel,  the  effect  of  the  position  of  the  carboxyl  group  is . 
expressed  somewhat  differently  on  platinum;  in  both  alkaline  and  in 
neutral  medium  the  meta-isomer  reacts  more  rapidly  than  the  ortho- 
and  para-isomers,  the  last  two  showing  almost  equal  reduction 
rates.  When  arranged  in  decreasing  ability  to  be  adsorbed  on  plati¬ 
num  the  isomeric  sodium  nitrobenzoates  fall  into  the  same  order  as 
on  skeletal  nickel.  When  the  potentiometric  and  kinetic  data  are 
compared,  it  can  be  seen  that  both  decrease  and  increase  in  the  ad¬ 
sorption  of  the  nitro  compound,  depending  on  the  position  of  the 
COONa  group  in  the  molecule,  lead  to  a  decrease  in  the  reaction 
rate.  Consequently,  on  platinum,  to  an  even  greater  degree  than  on 
skeletal  nickel,  the  predominant  effect  on  the  reaction  rate  is  shown 
not  by  the  change  in  the  quantitative  ratio  of  the  reacting  components 
on  the  catalyst  surface,  but  rather  by  the  decreased  reactivity  of  the 
molecule,  caused  by  the  introduction  of  the  carboxyl  group  into  its 
composition.  This  is  quite  natural,  since  on  platinum  the  reduction 
of  nitrobenzene  is  limited  by  the  activation  of  the  molecules  of  the 
reduced  substance  [6]. 

As  a  result,  in  order  to  understand  the  observed  relationships 
between  the  rate  of  catalytic  reaction  and  the  mutual  distribution 
account  the  effect  of  the  substituent  on  the  reactivity  and  adsorption 


SUMMARY 

1.  A  study  was  made  of  the  effect  of  the  presence  and  position  of  the  carboxyl  group  on  the  kinetics  of  the 
reduction  of  the  nitro  group  in  the  isomeric  nitrobenzoic  acids  over  skeletal  nickel  and  platinum  in  neutral  and  in 
alkaline  aqueous -alcohol  medium. 

2.  The  COOH  and  COONa  groups,  introduced  into  a  nitro  compound,  lower  the  reactivity  of  the  molecule 
and  change  its  adsorption.  The  studied  compounds  fall  into  the  following  order  of  increasing  ability  to  be  adsorbed 
on  skeletal  nickel  and  platinum:  sodium  o-nitrobenzoate  <  nitrobenzene  <  sodium  m-nitrobenzoate  <  sodium  p- 
nitrobenzoate. 

3.  On  skeletal  nickel  catalyst  the  effect  of  the  carboxyl  group  is  expressed  mainly  by  a  change  in  the  ad¬ 
sorption  ability  of  the  nitro  compound,  in  which  connection  the  inverse  relationship  is  observed:  the  greater  the  ad¬ 
sorption,  the  slower  the  rate  of  the  reduction  reaction. 

4.  On  platinum  catalyst  the  effect  of  the  carboxyl  group  is  manifested  mainly  in  a  decreased  reactivity  of  the 
molecule,  and  the  studied  compounds  arrange  in  the  foUowing  order  of  decreasing  reaction  rate:  nitrobenzene  >  m- 
nitrobenzoic  acid  >  o- nitrobenzoic  acid  =  p-nitrobenzoic  acid. 
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It  is  well  known  that  a  number  of  aliphatic  and  aliphatic -aroma tic  sulfides,  especially  amino  sulfides  [1,2], 
have  interesting  therapeutic  properties.  In  particular,  it  has  been  shown  by  American  authors  that  the  amino  sulfides 
wnich  are  derivatives  of  2-aminopyrimidine  are  good  local  anesthetics  [3].  In  search  of  new  biologically  active 
preparations  it  was  of  interest  to  prepare  compounds  containing  on  the  pyrimidine  ring,  several  alkylaminoalkyl  sul¬ 
fide  groups,  the  atom  of  sulfur  of  which  is  connected  directly  to  a  carbon  atom  of  the  ring. 


As  is  well  known,  a  C  — S  bond  of  this  sort  in  the  case  of  the  pyrimidine 
derivatives  is  rather  labile  and  comparatively  easily  undergoes  hydrolysis  [4] 
and  oxidation  [5],  whereupon  the  first  instance,  as  a  rule,hydroxypyrimidines 
and  the  corresponding  mercaptans  are  formed  [4,6]. 

In  the  present  paper,  compounds  (I-Xni)  are  described  which  have 
from  one  to  three  sulfide  groups  in  the  molecule  (Table  1). 

They  all  were  prepared  by  the  action  on  chloropyrimidines  of  the  ap¬ 
propriate  mercaptans  in  ethanol.  Condensation  took  place  readily  and  the 
sulfides  were  obtained  in  good  yields.  In  the  case  of  the  di-  and  trichloro  - 
pyrimidines  containing  nitro  groups  in  the  5  position,  cooling  was  necessary 
to  induce  reaction.  The  di-  and  trichloropyrimidines  containing  hydrogen  or 
a  methyl  group  in  the  5  position  entered  into  condensation  even  at  room 
temperature  and  the  reaction  was  completed  after  short  heating.  In  the  case 
of  2-amino-4-methyl-6-chloropyrimidine  the  reaction  with  the  mercaptans 
took  place  only  on  heating  and  a  longer  time  was  required  for  completion  of 
the  reaction. 


Potentiometric  titration  curve,  1)  Replacement  of  the  chlorine  atoms  in  the  di-  and  trichloropyrimidines 

flV^  2^  flX^  ^ 

took  place  simultaneously;  in  all  cases  individual  compounds  were  isolated 

which  proved  to  be  the  corresponding  di-  and  trisubstituted  derivatives.  An 

exception  was  Compound  (V);  in  this  case  monosubstitution  occurred,  and  here 

by  analogy  with  data  in  the  literature  [7,8]  it  can  be  assumed  that  replacement  of  the  halogen  took  place  in  position 

6. 


All  the  compounds  prepared  were  isolated  and  characterized  in  the  form  of  the  hydrochlorides  with  the  excep¬ 
tion  of  (V),  which  exists  in  the  form  of  the  salt  only  in  strong  acid  solutions.  The  hydrochlorides  were  crystalline, 
mainly  colorless  compounds,  and  it  was  noted  that  the  accumulation  in  the  molecule  of  diethylamino  groups,  which 
are  capable  of  forming  salts,  increased  the  hygroscopicity  of  the  compound. 

It  was  of  interest  to  determine  whether  the  position  of  the  diethylaminoethyl  sulfide  groups  on  the  ring  and  also 
the  presence  of  a  nitro  group  in  the  5  position  affects  the  basicity  of  the  nitrogen  of  the  diethylamino  group.  The 
data  from  potentiometric  titration  of  (IV)  and  (IX),  which  are  presented  in  the  figure,  showed,  as  would  be  expected, 
the  absence  of  any  effect  of  the  above-mentioned  factors. 

In  the  course  of  the  work  it  was  noted,  as  yet  purely  qualitatively,  on  the  basis  of  the  exothermic  effect  of  the 
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TABLE  1. 


R» 


Com¬ 

pound 

No. 

R' 

R" 

R'* 

X 

(I) 

(C2H5)2NCIl2CH8S 

(C2H5),NCH2CH2S 

H 

NOa 

(•I) 

(CH3)2NCH2CH2S 

(CIl3)2NCI!2CH2S 

H 

NO2 

(III) 

H 

(C2ll5)2NCH2CH2S 

(C2H5)2NCH2CH2S 

NOa 

(IV) 

(C2H5)2NCIl2CIl2S 

(C2ll5)2NCH2CH2S 

(C2H5)2NCH2CHaS 

NOa 

(V) 

Cl 

CellsNIICHaCHaS 

H 

NOa 

(VI) 

(C2H5)2NCn2CH2S 

(C2fl5)aNCIl2CH2S 

H 

II 

(Vll) 

(CIl3)2NCH2CH2S 

(CH3)2NCH2CIl2S 

H 

H 

<vin) 

(C2ll5)2NCM2CH2S 

(C2ll5)2NCIl2CH2S 

H 

CH3 

(IX) 

(C2H5)2NCH2CH2S 

(C2ll5)2NCIl2CIl2S 

(CaIl5)2NGH2CHaS 

H 

(X) 

NM2 

(C2ll5)2NCIl2CH2S 

CII3 

li 

(XI) 

Nila 

lie  CH 

II  II 

nCv  X-CH2S 

CII3 

11 

(XII) 

NHj 

/OCH3 

\-Nn-CH2Cn2S 

CH3 

H 

<XIII) 

NII2 

CellsNII-CIl-CHaS 

CH3 

11 

1 

CH3 

reaction,  that  in  the  case  of  the  reaction  with  diethylaminoethyl  mercaptan  it  is  possible  to  arrange  the  chlorinated 
pyrimidine  derivatives  in  the  following  series  with  respect  to  reactivity,  in  decreasing  order:  2, 4,6-trichloro-5-nitro-, 
4, 6-dichloro-5-nitro-,  2, 6-dichloro-5-nitro-,  2,4, 6-trichloro-,  2, 6-dichloro-,  2,6-dichloro-5-methyl-,  and 
2-amino-4-methyl-6-chloro- pyrimidine.  This  observation  confirms  the  data  already  present  in  the  literature  which 
indicate  the  greater  reactivity  in  substitution  reactions  by  a  mercapto  group  of  trichloropyrimidine  in  comparison 
with  dichloropyrimidine,  and  also  the  deactivating  effect  of  the  2-amino  group  on  the  reactivity  of  the  chlorine  in 
position  6  [9-11]. 

Some  of  the  compounds  described  were  tested  for  inhibition  of  the  growth  of  massive  Erlich's  adenocarcinoma. 

The  results  of  the  biological  tests  will  be  described  elsewhere. 

EXPERIMEN  TAL 

The  starting  materials  were  prepared  by  generally  known  methods.  The  chloropyrimidines  used  in  the  reaction 
were  first  purified  by  vacuum  distillation.  The  experimental  data  are  given  in  Table  2. 

2,6-Bis(diethylaminoethylmercapto)-5-nitropyrimidine  dihydrochloride  (1).  To  a 
solution  of  0.02  mole  of  2, 6-dichloropyrimidine  in  25  ml  of  dry  ethanol  was  added  dropwise,  with  cooling  and  thorough 
stirring,  0.025  mole  of  diethylaminoethyl  mercaptan.  After  a  30  min  holding  period,  cooling  was  discontinued  and 
the  reaction  was  continued  at  room  temperature  with  stirring  for  another  1.5  hr.  After  this  the  precipitate  that  had 
separated  was  filtered  off,  washed  several  times  with  warm  ether,  and  crystallized  from  dry  ethanol.  M.p.  232-234° 
(decomp.);  yield  85%. 
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TABLE  2.  Hydrochlorides  (I  -  XIII) 


No, 

Empirical 

Yield 

M.  p. 

•/,N 

Solvent  for 

formula 

i^o) 

found 

calcu¬ 

lated 

1 

crystallization 

(1) 

C,8ll,,0.,N5S2Cl2 

85 

232—4° 

(decompj 

15.19 

15.24 

Anhydrous  ethanol 

.(II) 

C12H  3302^0^2^^  2 

70-73 

224-5 

[decomp.) 

16.95 

17.32 

Same 

<III)^ 

31^2^552^12 

75 

238-40 

[decomp.) 

15.17 

15.24 

Anhydrous  ethanol 
+  absolute  ether 

(IV)*" 

^22^^  45^2^053013 

70 

216 

[decomp.) 

13.17 

13.39 

Treatment  with 
absolute  ether 

iwf 

C,2lI,i02N45Gl 

73 

99-100 

17.83 

18.06 

Petroleum  ether 
+  n -octane 

\Vl) 

C16II32N4520I2 

95—97 

242-3 

[decomp.) 

1.3.33 

13.50  ' 

Anhydrous  ethanol 

(VII) 

012^124^452012 

80 

233-5  ' 

15.50 

15.59 

Same 

(VIII)^* 

C17II34N4S2CI2 

67 

239-40 

[decomp.) 

12.97 

13.05 

ft 

(IX) 

C22 II  40^55301 3 

79 

208-11 

[sealed 

cap.) 

11.77 

12.02 

Anhydrous  ethanol 
+  absolute  ether 

<X)^ 

Ci,ll2,N4SCl 

78 

178 

20.06 

20.03 

Anhydrous  ethanol 

(XI) 

(XII) ^ 

C,oIIi20N3SC1 

73 

130 

16.56 

16.35 

Acetone 

Ci4H,oON4SC1 

50 

219 

17.30 

17.14 

Anhydrous  ethanol 

(XIII) 

Ci4lI,9N4SCI 

55 

Decomp. 
above  Ibf 

17.69 

) 

18.05 

Same 

Note,  a)  The  product  was  isolated  after  the  addition  to  the  reaction  mixture  of  a  small 
amount  of  dry  ether,  b)  Strong  cooling  was  necessary  for  carrying  out  the  reaction,  c) 

The  data  are  for  the  free  base,  d)  The  product  was  isolated  after  the  addition  of  either  to 
the  reaction  mixture,  e)  To  isolate  compounds  (X  -  XIII)  the  solvent  was  distilled  to  dry¬ 
ness.  f)  In  the  case  of(Xn  -  Xni)  the  sodium  mercaptides  were  introduced  into  the  reaction. 

2,  4,  6  -  Tr  is(  d  iethy  la  m  inoe  thy  Ime  rc  a  pto)  pyr  i  m  id  ine  trihydrochloride  (IX).  To  2  g 

of  2,4,6-trichloropyrimidine  in  15  ml  of  dry  ethanol  was  added  in  separate  portions,  with  cooling  and  stirring,  5  ml 
(4.35  g)  of  diethylaminoethyl  mercaptan.  After  10  min  holding,  cooling  was  discontinued  and  the  reaction  was  con¬ 
tinued  at  room  temperature  for  another  40-50  min,  after  which  the  reaction  mixture  was  heated  on  a  water  bath  for 
2  hr.  After  the  alcohol  had  been  distilled  off,  the  residue  was  treated  with  dry  acetone  and  ether  and  crystallized 
from  anhydrous  ethanol  with  the  addition  of  absolute  ether.  M.p.  208-211°  (sealed  cap.);  yield  79*^. 

Potentiometric  titration  of  (IV)  and  (IX)  was  carried  out  in  50-60*7®  ethanol  with  0.2  N  KOH  using  an  LP-5  lamp 
potentiometer  with  a  glass  electrode. 

SUMMARY 

Thirteen  new  alkylaminoalkylpyrimidyl  sulfides  were  synthesized  for  biological  investigations,  and  their  prop¬ 
erties  were  studied. 
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THE  REPLACEMENT  OF  HALOGEN  IN  A  ZO  COMPOUNDS. 
Xni.  REPLACEMENT  OF  CHLORINE  ATOMS  IN  DISAZO  DYES  FROM 
3,3’-DICHLOROBENZIDINE  BY  ALKOXY  AND  AROXY  GROUPS  AND  THE 
PREPARATION  OF  ETHERS  OF  4,4’-DIAMINO-3,3’-DIHYDROXYBYPHENYL 

N.  A.  Rozanel'skay a  and  B.  I.  Stepanov 

D.  I.  Mendeleev  Moscow  Chemico- Technological  Institute 
Translated  from  Zhumal  Cbshchei  Khimii,  Vol.  31,  No.  3, 
pp.  758-764,  March,  1961 
Original  article  submitted  April  7,  1960 


The  establishment  by  one  of  us  together  with  M.  A.  Andreeva  [1]  of  the  higher  lability  in  the  presence  of  cop¬ 
per  salts  of  the  two  atoms  of  chlorine  in  2, 6-dichlorobenzene-(l-azo-l*)-naphthol-2*  (I)  which  are  in  the  ortho  posi¬ 
tions  to  the  same  azo  group  in  comparison  with  the  lability  of  the  single  chlorine  atom  in  2-chlorobenzene-(l-azo-l')- 
naphthol-2’  (II)  promoted  the  examination  in  this  respect  of  dichlorodihydroxydisazo  compounds  in  which  the  chlorine 
atoms  are  in  the  ortho  position  to  different  azo  groups.  For  this  purpose  we  studied  the  reaction  of  4, 4*-bi3(2’*-hydroxy 
naphthalene-l”-azo)-3,3’-dichlorobiphenyl  [disazo  dye  (III)  from  3, 3*-dichlorobenzidine  and  2-naphthol]  with 
alcoholates  in  the  excess  of  the  corresponding  alcohol  or  in  different  solvents  in  the  presence  of  copper  sulfate  or 
acetate.  By  potentiometric  titration  of  aqueous  washings  of  the  reaction  mass  it  was  established  that  even  with 


OH 


Cl 
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/  \_N— N— ^ 

S _ /  \ _ /  V 
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OH  Cl 


Cl 
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Cl 


<_> 

OH 


/\— N=N— /  /  N— N=N— / 


\/ 

I 

dig 


\ _ /  \ _ / 


(IV) 


\/ 

I 

CHn 


many  hours  heating  at  70-120"  replacement  of  the  chlorine  does  not  exceed  5-7‘7o.  it  seemed  stranger  that  the 
azo  compound  (III)  differs  from  (II),  in  which  lOO*?©  replacement  of  the  chlorine  on  reaction  with  alcoholates  requires 
not  more  than  2  hr  at  100",  only  in  that  in  its  molecule  exactly  the  same  o-chloro-o*-hydroxybenzeneazonaphthalene 
group  is  repeated  twice. 

The  result  obtained  may  be  the  result  of  the  lower  solubility  of  the  disazo  compound  (III),  although  in  such  sol¬ 
vents  as  pyridine  it  is  rather  high,  and  in  any  case  the  amount  of  the  compound  dissolved  exceeds  the  amount  reacted. 
On  the  other  hand  it  is  not  excluded  that  the  formation  of  an  internal  complex  compound  with  copper,  which  apparen^ 
ly  precedes  the  replacement  of  the  chlorine  atom  in  such  compounds  [1],  is  hindered  in  the  case  of  the  dye  (IH)  by  the 
large  size  of  the  molecule.  Since  4, 4’-bis(2*’-hydroxy-5”-methylbenzene-l*'-azo)-3, 3’-dichlorobiphenyl  [disazo 
dye  (IV)  from  3, 3’-dichlorobenzidine  and  p-cresol]  is  considerably  more  soluble  in  the  reaction  medium  than  is  the 
dye  (III)  and  has  a  less  bulky  molecule,  we  carried  out  experiments  with  it  and  found  that  in  this  case  replacement 
of  both  chlorine  atoms  proceeded  without  hindrance.  Thus  it  was  established  by  potentiometric  titration  of  the  aqueous 
washings  of  the  reaction  mass  that  in  the  reaction  of  compound  (IV)  with  sodium  n-butylate  in  the  presence  of  copper 
acetate  for  1  hr  at  100"  the  replacement  of  both  chlorine  atoms  amounts  to  an  average  of  95*70  of  theoretical. 


695 


In  this  manner,  11  disazo  dyes  (V)  were  obtained  with  two  ether  groups  in  biphenyl  residue: 


Oil  no  on  OH  no  on 

I  I _  _ I  I  I _  _ I 

^-NHa 

\/  \/ 

I  I 

CM.1  CH3 

(V)  (VI) 

where  R  =  C2H5,  n-C4H9,  (CH3)^CHCH2CH2,  n-QHjs,  n-CgHj7,  n-Cj8H37,  C;6H5CH2CH2,  QHs,  2-CH3C:5H4, 

4-CH3C6H4,  3.5-(CH3)iC6H3 

The  disazo  dyes  obtained,  in  contrast  to  the  corresponding  monoazo  dyes,  did  not  dye  polyamide  fibers  by  the 
suspension  method. 

By  reductive  cleavage  of  the  disazo  dyes  (V)  we  obtained  the  11  corresponding  ethers  of  4,4'-diamino-3, 3*-di- 
hydroxyblphenyl  (3, 3’-dihydroxybenzidine)  (VI)  which  were  characterized  as  the  free  amines  and  the  N,N ’-dibenzoyl 
derivatives. 


EXPERIMENTA  L 

4 , 4  •-Bis(2**-hydroxy-5*'-methylbenzene-l**-azo)-3,3*-dichlorobiphenyl  [dye  (IV)] 
was  prepared  by  diazotization  of  3,  3*-dichlorobenzidine  in  hydrochloric  acid  medium  at  0-5°  and  by  coupling  of  the 
diazo  compound  obtained  with  p-cresol  in  alkaline  medium  at  0-3*.  After  recrystallization  from  chlorobenzene  the 
product  formed  lustrous  reddish  brown  needles,  m.p.  287°  (in  a  sealed  capillary,  with  decomp.),  303-304°  (in  a  Ma- 
quenne  block).  Soluble  in  the  cold  in  alcoholic  alkali  and  nitrobenzene,  less  soluble  in  chlorobenzene.  Almost  in¬ 
soluble  in  the  usual  organic  solvents  in  the  cold  and  on  heating.  A  solution  in  concentrated  sulfuric  acid, had  a  cherry 
color. 

Found'Vo:  C  63.47,  63.60;  H  4.28,  4.20;  N  11.65,  11.52.  C26H20O2N4CI2.  Calculated ‘^o;  C  63.54;  H  4.12; 

N  11.44. 

Replacement  of  chlorine  atoms  by  an  alkoxy  group.  Four  and  nine  tenths  grams  of  the  dye 
(IV)  was  stirred  for  10-15  min  at  60-70°  with  a  solution  of  the  alcoholate  prepared  by  the  reaction  of  1.4  g  of  metal¬ 
lic  sodium  with  50  ml  of  the  appropriate  alcohol:  ethyl,  n-butyl  (b.p.  117°),  isoamyl  (b.p,  132°),  n-hexyl  (b.p.  157°), 
n-octyl  (b.p.  194-195°),  6 -phenylethyl  (b.p.  225-227°).  In  the  case  of  n-octadecyl  alcohol  (m.p.  58.5°)  the  alcoholate 
was  prepared  by  the  reaction  of  20  g  of  the  alcohol  with  1.4  g  of  sodium  at  150-160°,  and  the  dye  (IV)  was  added  and 
stirred  for  10  min  at  95°. 

To  the  mixture  obtained  was  added  a  suspension  of  2  g  of  copper  acetate  in  20  ml  of  toluene  and  the  mass  was 
heated  with  stirring  for  6-8  hr  at  95-100°  (in  the  case  of  ethyl  alcohol,  at  the  boiling  point).  On  cooling  the  reaction 
mass  was  acidified  with  concentrated  hydrochloric  acid,  the  precipitate  that  separated  was  filtered  off,  the  toluene 
and  the  excess  alcohol  was  distilled  off  in  vacuum  from  the  filtrate,  and  the  residue  was  combined  with  the  main  pre¬ 
cipitate.  In  the  case  of  octadecyl  alcohol  the  excess  of  it  was  washed  out  with  hot  methyl  alcohol.  The  combined 
precipitate  was  treated  at  boiling  with  20*70  hydrochloric  acid,  after  which  the  mass  was  diluted  with  water,  the  pre¬ 
cipitate  was  filtered  off,  washed  with  water  to  free  it  of  chloride  ion,  dried  in  the  air,  and  purified  by  recrystallization. 

The  data  on  the  dyes  with  the  alkoxy  groups  [4, 4’-bis(2"-hydroxy-5"-methylbenzene-l’*-azo)-3, 3'-dialkoxy- 
biphenylsjare  given  in  Table  1.  All  the  dyes  with  alkoxy  groups  were  insoluble  in  water,  glacial  acetic  acid,  methyl 
and  ethyl  alcohols.  They  dissolved  well  in  the  cold  in  alcoholic  alkali  and  nitrobenzene.  Dyes  (VIl-XII)  dissolved 
well  in  chloroform  in  the  cold,  and  (XIII)  on  heating.  In  chlorobenzene  in  the  cold  dyes  (VllI),  (IX),  and  (Xl-Xni) 
were  soluble,  (VH)  and  (X)  were  somewhat  lesS  so.  In  pyridine  in  the  cold  dyes  (IX)  and  (Xl-Xni)  were  soluble, 

(VIII)  was  less  so,  and  (VH)  and  (X)  dissolved  on  heating.  In  dioxane  in  the  cold  dyes  (IX),  (XI),  and  (XII)  were  sol¬ 
uble,  and  on  heating  (VH),  (VIII),  (X),  and  (XIII)  dissolved.  In  toluene  and  benzene  in  the  cold  dyes  (IX)  and  (XI) 
were  soluble,  (XII)  somewhat  less  so,  and  on  heating  ( VII),  (Vni),  (X),  and  (XIII)  dissolved.  On  heating  in  ethyl  ace¬ 
tate  dyes  (VIII),  (IX),  (XI),  and  (XII)  were  soluble,  (X)  and  (Xlll)  were  less  so,  and  (VII)  was  poorly  soluble;  in  acetone 
dyes  (VIII),  (IX),  (XI),  and  (XII)  were  soluble  and  (VH),  (X),  and  (XIII)  were  poorly  so;  in  ether  and  petroleum  ether 
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TABLE  1.  4,4’-Bis(2’*-hydroxy-5*'-methylbenzene-l’’-azo)-3,3'-dialkoxy-(and  diaroxy-)-biphenyls 

OH  RO  RO  OH 
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methyl  alcohol  76.21  5.41  8.68 


TABLE  2.  Ethers  of  4, 4'-Diamino-3, 3’-dihydroxybiphenyl 
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dye  (XII)  was  soluble.  In  concentrated  sulfuric  acid  the  dyes  with  alkoxy  groups  formed  violet  colored  solutions. 

In  the  experiment  with  sodium  n-butylate  (0.61  g  of  starting  dye  (IV),  100  ml  of  n-butyl  alcohol,  0.17  g  of 
sodium,  0.25  g  of  copper  acetate)  after  1  hr  heating  at  100"  the  reaction  mass  was  acidified  with  30  ml  of  10'7«>  sul¬ 
furic  acid  and  washed  with  water  until  the  chloride  ion  disappeared.  The  volume  of  the  wash  waters  was  500  ml.  On 
potentiometric  titration  (silver  and  calomel  electrodes,  P-4  potentiometer)  samples  of  10  ml  required  4.54  ml  of 
0.0105  N  silver  nitrate  solution,  which  corresponds  to  the  presence  in  the  was  waters  of  95.9*^  of  the  chlorine  con¬ 
tained  in  the  starting  dye. 

Replacement  of  chlorine  atoms  by  aroxy  groups.  Four  arid  nine  tenths  grams  of  the  dye  (IV) 
was  triturated  with  2  g  of  copper  acetate  and  transferred  into  a  solution  of  the  phenolate  prepared  by  the  reaction  of 
20  g  of  the  appropriate  phenol  with  10  g  of  sodium  hydroxide  in  65  ml  of  pyridine  in  the  case  of  phenol  and  o-cresol 
or  in  12  ml  of  water  with  the  subsequent  addition  of  30  ml  of  toluene  in  the  case  of  p-cresol  and  1, 3, 5-xylenol.  The 
mixture  was  refluxed  with  stirring  for  8  hr  at  100",  after  which  the  pyridine  and  toluene  were  distilled  off  in  vacuum, 
the  residue  was  treated  with  5*^0  sodium  hydroxide  solution  to  remove  the  excess  phenol,  and  the  precipitate  was 
filtered  off,  washed  with  water,  and  boiled  with  100  ml  of  20*70  hydrochloric  acid  for  30  min.  After  dilution  of  the 
mass  with  water,  the  precipitate  was  filtered  off,  washed  with  water  to  remove  the  chloride  ions,  dried  at  room  tepi- 
perature,  and  purified  by  recrystallization. 

The  data  for  the  dyes  with  aroxy  groups  [4,4’-bis(2”-hydroxy-5'’-methylbenzene-l*’-azo)-3,3'-daroxybiphenyls] 
are  given  in  Table  1.  All  the  dyes  with  aroxy  groups  were  insoluble  in  water,  methyl  and  ethyl  alcohols,  and  glacial 
acetic  acid.  In  the  cold  they  dissolved  well  in  alcoholic  alkali  and  nitrobenzene.  Dyes  (XIV),  (XV),  and  (XVn)  were 
soluble  in  chloroform  in  the  cold  and  (XVI)  dissolved  upon  heating.  Dyes  (XIV-XVBl)  were  soluble  upon  heating  in 
chlorobenzene  (XV  partially  in  the  cold),  pyridine,  dioxane,  toluene,  and  benzene;  dye  (XV)  was  somewhat  less  sol¬ 
uble,  and  (XIV),  (XVI),  and  (XVII)  were  poorly  soluble  in  ethyl  acetate  and  acetone.  In  concentrated  sulfuric  acid 
the  dyes  with  aroxy  groups  formed  crimson  colored  solutions. 

Ethers  of  4 ,4  *  -  d  jam  ino  -  3 , 3  *  -  d  ihy  dr  oxy  b  i  phe  ny  1.  Two  grams  of  the  appropriate  4, 4'-bis(2**- 
hydroxy-5**-methylbenzene-l*’-azo)-3,3*-dialkoxy  (or  diaroxy)  biphenyl  was  treated  at  boiling  with  a  solution  of 
stannous  chloride  prepared  by  the  reaction  of  6-8  g  of  metallic  tin  with  60-80  ml  of  concentrated  hydrochloric  acid, 
diluted  with  the  same  volume  of  water,  until  the  color  disappeared.  The  next  day  the  nonhomogeneous  precipitate 
that  had  settled  out  over  night  was  filtered  off  and  treated  with  70  ml  of  5*70  sodium  hydroxide  solution  with  the 
addition  of  0.75  g  of  sodium  hydrosulfite,  after  which  the  4,4'-diamino-3,3*-dialkoxy-(or  diaroxy)-biphenyl  was  ex¬ 
tracted  several  times  with  ether  (total  volume  60-80  ml).  The  ether  layer  was  separated  off  and  treated  with  1  ml 
of  concentrated  hydrochloric  acid,  the  precipitate  of  the  hydrochloride  of  the  diamine  that  settled  out  was  filtered 
off  and  dried  in  the  air.  To  isolate  the  free  base,  the  hydrochloride  of  the  diamine  that  was  obtained  was  mixed  in 
a  small  amount  of  water  and  treated  with  aqueous  ammonia  until  there  was  a  weak  alkaline  reaction  to  litmus.  The 
precipitate  that  separated  out  in  this  process  was  filtered  off,  washed  with  water,  dried  in  the  air,  and  purified  by  re¬ 
crystallization  from  methyl  alcohol  (diluted  with  water  in  case  of  necessity). 

The  data  on  the  free  bases  of  the  ethers  of  4,4'-diamino-3,3’-dihydroxybiphenyl  are  given  in  Table  2.  The 
diethers  obtained  were  soluble  in  chloroform  and  ether;  their  solubility  in  alcohol  decreased  with  an  increase  in  the 
hydrocarbon  chain  in  the  ether  groups. 

To  prepare  the  N,N’-dibenzoyl  derivatives,  0.2  g  of  the  diamine  was  treated  by  shaking  with  3  ml  of  20*70 
sodium  hydroxide  solution  and  0.3  ml  of  benzoyl  chloride.  The  N,N '-dibenzoyl  derivative  was  washed  with  water, 
then  with  dilute  (1:1)  hydrochloric  acid  and  again  with  water.  The  precipitate  was  dried  in  the  air  and  purified 
by  recrystallization  from  glacial  acetate  acid.  The  data  on  the  N,N'-dibenzoyl  derivatives  of  the  ethers  of 
4,4'-diamino-3,3*-dihydroxybiphenyl  are  given  in  Table  2. 

SUMMARY 

1.  By  the  reaction  of  4,4'-bis(2"-hydroxy-5’*-methylbenzene-l’*-azo)-3,3*-dichlorobiphenyl  (the  diazo  dye 
from  3,3*-dichlorobenzidine  and  p-cresol)  with  sodium  alcoholates  and  phenolates  in  the  presence  of  copper  acetate, 
both  chlorines  were  replaced  by  alkoxy  and  aroxy  groups.  In  this  way  11  disazo  dyes  were  prepared  with  ether  groups 
in  the  biphenyl  rings. 

2.  It  was  shown  that  chlorine  atoms  of  the  dichlorodihydroxydisazo  compounds  in  the  ortho  position  to  different 
azo  groups  are  characterized  by  as  high  a  lability  in  the  presence  of  copper  salts  as  in  other  o-chloro-o'-hydroxyazo 
compounds. 
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3.  By  the  reductive  cleavage  of  4,4'-bis(2**-hydroxy-5"-methyl-benzene-l**-azo)-3, 3’-dialkoxy-(or 
diaroxy)-biphenyls,  11  ethers  of  4, 4*-diamino-3, 3'-dihydroxybiphenyl  were  obtained. 
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The  reaction  of  cyanoethylation  of  aromatic  amines  with  the  aid  of  acrylonitrile  goes  according  to  the  scheme 

ArNH2  +  CH2=CHCN  ArNH— CHjCHjCN. 

The  aromatic  amines  react  with  acrylonitrile  under  different  conditions  than  do  compounds  of  other  classes  [1]. 
The  cyanoethylation  of  aromatic  amines  by  acrylonitrile  does  not  take  place  without  catalysts  [2-4].  The  addition 
of  aromatic  amines  to  acrylonitrile  can  be  successfully  accomplished  in  the  presence  of  acid  catalysts  (acetic  acid, 
its  salts  with  amines,  acetic  anhydride,  and  salts  of  inorganic  acids  with  aromatic  and  aliphatic  amines)  [2,5-8]. 
There  also  are  indications  that  the  reaction  is  facilitated  in  the  presence  of  copper,  zinc,  cobalt,  and  nickel  salts  [1]. 
Attempts  to  use  alkaline  agents  did  not  give  positive  results  [2].  In  1956  Pietra  [9]  used  50*^  aqueous  solution  of 
choline  as  catalyst.  Later  Bekhli  [3]  established  that  the  cyanoethylation  of  aromatic  amines  takes  place  in  the 
presence  of  a  small  amount  of  water.  The  reaction  goes  better  when  ammonium  chloride  is  added. 

In  1958  Denis  and  I  [10]  carried  out  the  cyanoethylation  of  aromatic  amines  with  the  aid  of  acrylonitrile  in 
aqueous  solutions.  It  appeared  that  when  aromatic  amines  were  heated  with  acrylonitrile  in  anhydrous  alcohols, 
cyanoethylation  also  occurred.  The  reaction  went  without  the  addition  of  any  catalysts.  Carrying  out  this  reaction 
in  ethylene  glycol  may  serve  as  a  preparative  method  for  obtaining  some  6  -arylaminopropionitriles.  The  reaction  of 
aromatic  amines  with  acrylonitrile  ako  goes  very  well  in  the  presence  of  phenols.  The  yields  of  cyanoethylation 
products  are  almost  quantitative.  In  addition  to  acetic  acid,  the  cyanoethylation  of  aniline  also  was  carried  out  in 
the  presence  of  propionic  and  butyric  acids. 

When  6-methoxypropionitrile  acted  on  aniline,  both  in  the  presence  of  methyl  alcohol  and  in  the  absence  of 
the  latter,  the  process  of  cyanoethylation  was  not  observed.  Heating  of  B  -phenoxypropionitrile  with  aniline  also  did 
not  give  a  cyanoethylation  product,  but  addition  of  phenol  to  the  reaction  mixture  led  to  the  formation  of  B  -phenyl- 
aminopropionitrile. 


EXPERIMENTAL* 

Reaction  of  aromatic  amines  with  acrylonitrile,  a)  In  the  presence  of  alcohols. 

To  0.06  mole  of  aniline  or  0.04  mole  of  p-toluidine  and  p-anisidine  were  added  acrylonitrile  and  alcohol.  After 
the  reaction  mixture  had  been  refluxed,  the  excess  acrylonitrile,  alcohol,  and  unreacted  aromatic  amine  were  dis¬ 
tilled  off  in  vacuum.  The  residues  of  aniline  and  p-toluidine  were  steam -distilled  off.  The  crude  B-arylamino- 
propionitrile  was  recrystallized  from  aqueous  alcohol. 

b)  In  the  presence  of  phenols.  To  0.06  mole  of  aniline  or  0.04  mole  of  p-toluidine  and  p-anisidine 
were  added  acrylonitrile  and  phenol.  The  reaction  mixture  was  refluxed  and  treated  with  an  aqueous  solution  of 
alkali  (to  dissolve  the  phenol).  The  cyanoethylation  product  was  filtered  off,  washed  with  water,  and  recrystallized 
from  aqueous  alcohol. 

c)  In  the  presence  Of  acids.  To  0.06  mole  of  aniline  were  added  acrylonitrile  and  acid.  After 
the  reaction  mixture  had  been  heated  the  excess  acrylonitrile  and  acid  were  removed  by  distillation  vacuum.  The 
residue  was  treated  with  water.  The  cyanoethylation  product  was  filtered  off,  washed  with  water,  and  recrystallized 
from  aqueous  alcohol.  The  results  of  the  experiments  are  given  in  Tables  1-3. 

•With  the  participation  of  A.  Ya.  Nepomnyashchii. 


TABLE  1.  Reaction  of  Aniline  with  Acrylonitrile 


Ratio 

aniline: 

acrylo¬ 

nitrile 

Added  | 

Heating 

(hrs) 

6-Phenylaminopropio- 

nitrile* 

name 

amount 
(in  g) 

yield 

(%) 

melting  point 

1  :  1.5 

20 

1  :  1.5 

0.5 

20 

— 

— 

1  :  1.5 

20 

5 

1.7 

50-50.5'> 

1  :  1 

50 

10 

5.1 

50-51 

1  :  1.5 

Methyl  alcohol . 

10 

10 

5.9 

50-51 

1  : 1.5 

50 

10 

6.0 

50-51 

1  :  3 

50 

10 

9.7 

50 

1  :  1.5 

50 

20 

18.3 

50-51 

1  :  2 

10 

100 

27.6 

50—51 

1  :  1.5 

Ethyl  alcohol . 

10 

20 

5.6 

49.5-50.5 

1  ;  1.5 

n-Propyl  alcohol . 

10 

20 

4.2 

49.5—50.5 

1  :  1.5 

n -Butyl  alcohol . 

10 

20 

3.5 

50 

1  :  1.5 

Isobutyl  alcohol . 

10 

20 

3.5 

50 

1:1.5  1 

n-Amyl  alcohol . 

10 

20 

3.6 

48.5 

1*15 

Isoamyl  alcohol . 

10 

20 

3.6 

48—49 

1  : 

Cyclofiexanol . 

10 

20 

3.9 

46.5 

1  :  1.5 

1 

20 

8.5 

49-50 

1  :  1.5 

Ethylene  glycol . ■ 

5 

20 

78.5 

49-50 

1  :  1.6 

10 

20 

93.5 

50.5 

1  :  1.7 

Phenol  . 

10 

20 

96.7 

47.5-48 

1  :  1.7 

o-C  resol . 

10 

20 

96.1 

47.5^48 

1  :  1.7 

m-Cresol . 

10 

20 

96.1 

47.5—48 

1  :  1.7 

p-C  resol . 

10 

20 

96.1 

47.5—48.5 

1  ;  1.7 

bf-Naphthol . 

10 

20 

97.8 

46.5-48 

1  ;  1.7 

H  -  Naphthol . 

10 

20 

96.1 

48.5-49.5 

1  :  1.7 

Resorcinol . 

10 

20 

97.8 

47-48 

1  :  1.7 

Hydroquinone  . 

10 

20 

96.1 

48 

1  :  1.7 

Acetic  acid . 

10 

20 

87.6 

49.5 

1  :  1.7 

Propionic  acid . 

10 

20 

8.5.3 

48.5 

1  :  1.7 

Butyric  acid . 

10 

20 

85.3 

47—48 

•According  to  data  in  the  literature  [3]:  m.p.  49-50". 


TABLE  2.  Reaction  of  p-Toluidine  with  Acrylonitrile 


Ratio 

p-Toluidine; 

acrylonitrile 

Added 

1 

Heating 

(hrs) 

N-(6-Cyanoethyl)-p- 

toluidine* 

name 

amount 

(in  g) 

yield 
(in  %) 

melting  point 

1  : 1.7 

Methyl  alcohol . 

10 

20 

34.4 

104—105'' 

1  :  1.7 

Ethylene  glycol . 

10 

20 

80.4 

102-103 

1:1.7 

Phenol  . 

5 

20 

100 

100 

1  :  1.7 

a -Naphthol  .  .  : . 

5 

20 

98.9 

102-103 

1  :  1.7 

6  -  Naphthol . 

5 

20 

98.4 

102-103 

1  :  1.7 

Hydroquinone . 

5 

20 

100 

102-103 

According  to  data  in  the  literature  [3]:  m.p.  104' 


TABLE  3.  Reaction  of  p-Anisidine  with  Acrylonitrile 


Ratio 

p-Anisidine: 

acrylonitrile 

Added 

■ 

N  -( 0  -Cyanoethyl)-p- 

anisidine* 

name 

amount 

(in  g) 

yield 

(in7o) 

melting  point 

1  :  1.7 

Methyl  alcohol . 

10 

20 

50.8 

61-62® 

1  : 1.7 

Ethylene  glycol  . 

10 

20 

.58.2 

59-60 

1  : 1.7 

Phenol . .  • 

5 

20 

92.3 

60 

1  :  1.7 

a  -  Naphthol  . 

5 

20 

96.8 

61-62 

1  : 1.7 

0-  Naphthol . 

5 

20 

96.1 

60 

1  : 1.7 

Hydroquinone . 

5 

20 

98.0 

60—61 

•  According  to  data  in  the  literature  [3]:  m.  p.  62“. 

SUMMARY 

The  action  of  acrylonitrile  on  aromatic  amines  in  the  presence  of  alcohols  and  phenols  leads  to  the  formation 
of  cyanoethylation  products,  0  -arylaminopropionitriles. 
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REACTIONS  OF  CHLORINE -CONTA INING  TELOMERS  OF 
DIENE  HYDROCARBONS 

VI.  REACTION  OF  1-CHLORO-5-METHYL-.  l-CHLORO-3, 5-DIMETHYL-,  AND 
l,3-DICHLORO-5-METHYLOCTADIENES-2,6  WITH  THE  SODIUM  DERIVATIVE 
OF  MALONIC  ESTER 
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The  successful  development  of  a  simple  method  for  preparing  terpene  chlorides  and  their  homologs  and  analogs 
by  telomerization  of  diene  hydrocarbons  with  allyl  hydrochlorides  has  made  it  necessary  to  study  the  various  transfor¬ 
mations  of  these  compounds  in  order  to  determine  the  possibilities  of  their  utilization  in  organic  synthesis  [1-3].  In 
our  laboratories  and  others  the  following  transformations  of  these  compounds  already  have  been  investigated;  hydrol¬ 
ysis  [3],  amination  [4],  conversion  to  aldehydes  by  Sommelet's  method  [1-5],  reaction  with  the  sodium  derivative  of 
acetoacetic  ester  [6].  The  last  reaction  was  further  utilized  for  the  synthesis  of  sesquiterpene  alcohols  [7]. 

The  present  paper  describes  the  results  of  experiments  on  the  reaction  of  some  telomers— products  of  the  telo¬ 
merization  of  divinyl,  isoprene,  and  chloroprene  with  piperylene  hydrochloride— with  the  sodium  derivative  of  mal- 
onic  ester. 

Since  the  starting  chlorides  contained  an  allyl  chlorine  atom,  in  all  cases  it  could  be  expected  that  normal  ex¬ 
change  products  (A)  or  their  allyl  isomers  (B)  would  be  formed. 


n-cx=cii-cn2— cn(COOC2ii',)2  n-cx-cn(COOC2ii8)2 

I 

CH=cn2 

(A)  (H) 

X  =  H.  cii,  or  c:. 

The  data  in  the  literature  on  the  exchange  reactions  of  the  sodium  derivative  of  malonic  ester  with  halogen 
derivatives  of  the  crotyl  type  indicate  that  usually  esters  are  obtained  corresponding  to  Formula  (A).  This,  in  par¬ 
ticular,  has  been  established  for  crotyl  chloride,  prenyl  chloride,  and  1, 3-dichlorobutene-2,  which  are  of  the  same 
type  as  our  chlorides  with  respect  to  their  terminal  reactive  group  [8-12]. 

In  our  experiments  in  all  cases  we  obtained  only  esters  of  dibasic  acids  containing  no  vinyl  groups,  i.e.,  isomers 
of  type  (A).  We  were  convinved  of  this  by  a  study  of  the  infrared  spectra  of  the  condensation  products.  In  these 
spectra  there  were  only  deformation  frequencies  corresponding  to  the  — CH=CH—  group  (about  968  cm"^).  Absorption 
in  the  region  970-1020  cm"^,  which  is  characteristic  of  vinyl  groups,  was  not  observed  in  any  case,  even  in  thick 
layers. 

In  the  case  of  the  telomer  of  divinyl  with  piperylene  hydrochloride  we  employed  a  mixture  of  allyl  isomers, 
but  the  alkadienylmalonic  ester  obtained  was  of  type  (A).  The  telomer  with  a  terminal  vinyl  group  did  not  react. 

The  alkadienylmalonic  esters  obtained  by  us  were  colorless,  almost  odorless,  and  distilled  in  vacuum  at  10  mm 
without  decomposition.  The  constants  of  the  esters  are  given  in  Table  1. 

From  the  data  of  Table  1  it  can  be  seen  that  the  compounds  which  do  not  contain  chlorine  have  specific  grav¬ 
ities  of  less  than  one.  The  molecular  refraction  is  somewhat  higher  than  the  calculated  value. 
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TABLE  1.  Constants  and  Analytical  Data  for  Alkadienylmalonic  Esters  and  All<adiene  Acids 


o  o  o  u  o  u 
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Percent  transmission 


TABLE  2.  Constants  and  Analytical  Data  for  Amides  of  Alkadienecarboxylic  Acids 


Compound 

Empirical 

formula 

M.  p. 

•/. 

N 

found  I 

calcu¬ 

lated 

cii3Cii=CHCiicii2Cn=ciicH2CH2CONH2 

1 

CHj 

G„H,90N 

75-76® 

7.94, 

8.00 

7.73 

CHaCII^CHCnCHaCCUGHCHiCtlaGONHa 

1 

CHs 

G,,II,80NGI 

46-47 

6.25, 

6.63 

6.49- 

By  the  action  of  concentrated  alkali  on  the  alkadienylmalonic 
esters  the  salts  of  the  corresponding  monobasic  alkadienecarboxylic 
acids  were  obtained.  The  acids  obtained  by  acidification  of  solu¬ 
tions  of  the  salts  were  rather  viscous  colorless  liquids,  almost  insol¬ 
uble  in  water.  Their  constants  are  given  in  Table  1. 

With  the  exception  of  the  chlorine -containing  acids,  they  all 
had  specific  gravities  lower  and  indexes  of  refraction  higher  than 
the  starting  esters.  The  molecular  refraction  found  was  somewhat 
higher  than  the  calculated. 

By  titration  with  alkali  in  the  presence  of  Bromothymol  Blue 
we  were  able  to  determine  about  95-99*^  of  the  corresponding  acids 
in  them.  The  worst  results  were  given  by  the  chlorine -containing 
acid  (about  92*70). 

By  the  action  on  two  acids  of  thionyl  chloride  and  then  of 
ammonia,  we  obtained  the  corresponding  crystalline  amides  (Table 
2). 

By  hydrolysis  of  the  chlorine-containing  acid  we  obtained  the 
crystalline  7-metfiyldecen-8-on-5-oic  acid. 

Thus,  as  a  result  of  our  investigation  the  possibility  was  es¬ 
tablished  of  preparing  from  telomers  of  diene  hydrocarbons  with 
their  hydrochlorides  by  the  action  of  the  sodium  derivative  of  mal- 
onic  ester  the  corresponding  alkadienylmalonic  esters,  the  alkadiene¬ 
carboxylic  acids,  and  their  derivatives. 

EXPERIMENTAL 

The  reaction  of  the  telomers  with  the  sodium  derivative  of 
malonic  ester  and  the  subsequent  hydrolysis  of  the  alkadienylmal¬ 
onic  esters  were  carried  out  under  the  usual  conditions. 


Infrared  transmission  spectra;  1)  diethyl  ester 
of  5-methyloctadien-2,6-ylmalonic  acid;  2) 
diethyl  ester  of  3-chloro-5-methyloctadien- 
-2,6-ylmalonic  acid;  3)  diethyl  ester  of  3,5- 
-dimethyloctadien-2,6-ylmalonic  acid;  4) 
7-methyldecadien-4,8-oic  acid;  5)  5-chloro- 
-7-methyldecadien-4,8-oic  acid;  6)  5,7*di- 
-methyldecadien-4,8-oic  acid. 


Preparation  of  esters  of  alkadienylmalonic 
acids.  To  the  sodium  derivative  of  malonic  ester  obtained  from 
0.2  mole  of  sodium  and  0.2  mole  of  malonic  ester  in  200  ml  of  an¬ 
hydrous  alcohol  was  added  dropwise  over  the  course  of  1.5  hr,  with 
external  cooling  with  ice  water  and  vigorous  stirring,  0.24  mole  of 
telomer.  Rapid  formation  of  a  precipitate  of  NaCl  was  observed. 
Then  the  mixture  was  heated  on  a  water  bath  for  2.5-3  hr  so  that 
the  temperature  in  the  reaction  mixture  did  not  exceed  70®.  After 
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standing  overnight,  the  precipitate  of  NaCl  was  filtered  off,  the  alcohol  was  distilled  under  high  vacuum,  and  the 
residue  was  distilled.  The  yields  of  alkadienylmalonic  esters  were  of  the  order  of  40  -  60*70. 

Preparation  of  alkadienecarboxylic  acids.  The  alkadienylmalonic  ester  was  introduced  drop- 
wise  over  the  course  of  3-4  hr  into  concentrated  alkali  (a  double  excess)  heated  to  70-80*.  Heating  of  the  mixture 
was  continued,  with  stirring,  for  about  10  hr  more,  after  which  it  was  allowed  to  sund  overnight  at  room  temperature. 

Then  the  alkali  was  neutralized  with  hydrochloric  acid  (to  Congo),  the  acids  that  separated  were  removed, 
and  the  aqueous  layer  was  extracted  with  ether.  The  acids  and  the  ether  extract  were  combined,  dried  over  MgS04, 
and  distilled  in  vacuum.  The  yield  of  acids  was  60-80*70. 

Preparation  of  amides  of  the  acids.  A  mixture  of  1  g  of  acid,  5  ml  of  thionyl  chloride,  and  3  ml 
of  benzene  was  heated  for  40-50  minutes  on  a  water  bath,  after  which  the  volatile  products  were  distilled  off  under 
a  slight  vacuum.  The  residue  was  poured  with  stining  into  chilled  concentrated  ammonia  solution.  The  crystals 
that  precipitated  were  kept  for  some  time  on  a  porous  plate,  then  recrystallized  from  aqueous  alcohol  and  dried  in  a 
desiccator  over  phosphoric  anhydride. 

Preparation  of  7  -  methy  Idecen  -  8 -on- 5  -  oic  acid.  To  10  g  of  5-chloro-7-methyldecadien- 
-4,8-oic  acid  was  added  6.5  ml  of  cone.  H2SO.1,  while  the  mixture  was  cooled  with  ice  and  salt.  The  mixture  was 
stined  for  2  days  at  room  temperature  and  then  poured  into  water.  The  oil  that  separated  was  removed  and  the 
aqueous  solution  was  extracted  with  ether.  The  acid  obtained  was  distilled  at  182-184”  (10  mm)  and  crystallized 
in  the  receiver. 

White  crystals  with  m.p.  96-97“  (from  toluene  or  aqueous  alcohol).  Absorbed  intensely  at  1704  cm”*. 

Found  %  C  67.13,  66.66;  H  9.35,  9.23.  CuHijOs.  Calculated  *7o;  C  66.64;  H  9.15. 
2,4-Dinitrophenylhydrazorie.  ftright  yellow  crystals  with  m.p.  135-137“ (from  alcohol). 

Found  *7o:  N  14.86,  14.90.  Ci7H22CV;N4.  Calculated  %.  N  14.80. 

SUMMARY 

1.  The  reactions  of  some  telomers  of  diene  hydrocarbons  with  the  sodium  derivative  of  malonic  ester  have 
been  investigated. 

2.  It  has  been  shown  that  the  reaction  goes  with  the  formation  exchange  products  of  the  crotyl  type. 

3.  Three  alkadienylmalonic  esters  have  been  prepared  and  from  them  the  corresponding  carboxylic  acids  and 
amides  have  been  made. 

4.  By  hydrolysis  of  the  chlorine -containing  acid,  a  crystalline  keto  acid  has  been  obtained. 
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CXXXn.  CHLOROARYLATION  OF  THE  CLOSEST  HOMOLGS  OF  VINYL  ACETYLENE 
(PENTEN-l-YNE-3,  PENTEN-3-YNE-1,  AND  2-METHYLBUTEN-1-YNE-3).* 
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It  has  been  shown  previously  that  under  the  conditions  proposed  by  A.  V.  Dombrovskii  [1]  the  chloroarylation  of 
vinylacetylenes  yields  mixtures  of  acetylenic  and  allenic  adducts  [2,3].  In  the  reaction  of  vinylacetylene  with  un¬ 
substituted  phenyidiazonium  chloride,  the  adducts  mentioned  usually  are  obtained  in  similar  amounts,  the  aryl  radical 
going  to  the  terminal  ethylene  atom  of  the  conjugated  system. 

In  reactions  of  aryldiazonium  chlorides  with  vinylethylacetylene,  predominantly  the  formation  of  acetylenic 
adducts  takes  place,  and  the  radical  also  adds  only  to  the  end  ethylene  atom  of  the  conjugated  system  [4].  Thus  it 
has  been  established  that  introduction  of  radicab  into  the  conjugated  system  affects  the  order  of  addition  upon  halo- 
arylation. 

In  the  light  of  these  data,  it  was  of  interest  to  trace  the  nature  of  the  effect  on  the  order  of  addition  of  chloro¬ 
arylation  of  a  change  in  the  position  of  the  methyl  radical  in  the  conjugated  system.  For  this  purpose  we  reacted  three 
isomeric  methyl-substituted  vinylacetylenes  with  phenyidiazonium  chloride  under  identical  conditions. 

As  a  result  of  the  chlorophenylation  of  vinylmethylacetylene  it  could  be  expected  that  the  following  six  adducts 
might  be  formed; 


Cn3-G=G— GHCI-GH2— Crtll;, 

(1) 

G  H  3-G=G=.G  H  -C  H  jG  I 

(IV) 

Gll3-GGI=-G=.GI1  -GII^-GjHj 

(11) 

1 

C«H5 

GII3-GSG-GH-GH2GI 

1 

(V)l 

G  H  3— G=GGl— G  H  =G  11 2 

(III) 

CeHsI 

C(l3-GG1=G-GH=GH2 

1 

(VI) 

1 

CoHs 

Colls 

In  the  infrared  spectrum  of  the  substance  obtained  (Fig.  1,  Curve  1)  there  were  a  very  intense  band  of  the 
acetylenic  bond  (2247  cm"^)  and  a  weak  band  of  the  allenic  group  (1954  cm"^).  Thus,  in  spite  of  the  absence  of 
data  on  the  direct  determination  of  the  triple  bond,  it  could  be  affirmed  with  confidence  that  the  main  product  of 
the  reaction  here  was  an  acetylenic  chloride  (I  or  V). 

When  the  chlorophenylation  product  was  hydrogenated  on  Pd/i:aC03,  pure  1-phenylpentane  was  obtained.  We 
assured  ourselves  of  the  purity  of  the  compound  by  comparing  its  infrared  spectrum  (Fig.  2,  Curve  1)  with  the  spectra 
of  known  1-phenylpentane  and  its  isomers  which  might  be  produced  in  the  hydrogenation  of  the  other  possible  adducts: 
2-phenylpentane  [from  adducts  (HI),  (IV),  and  (V)]  and  3-phenylpentane  [from  adduct  (VI)]  (Fig.  2,  Curves  2-4). 

These  three  phenylpe manes  differ  sharply  in  their  infrared  spectra  and  constants. 


•Enyne  compounds,  LI. 
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Fig.  1.  Infrared  transmission  spectra  of  chloroarylation  products:  1)  of  vinyl- 
methylacetylene;  2)  of  propenylacetylene;  3)  of  isopropenylacetylene. 

The  intense  bands  at  731,  754,  and  1088  cm  ^  characteristic  of  2-  and  3-phenylpentanes  (Fig.  2,  Curves  4  and 
5)  are  absent  from  the  spectrum  of  1-phenylpentane.  3-Phenylpentane  has,  furthermore,  intense  bands  at  836,  886, 
1027,  and  1142  cm"^  which  are  absent  or  weak  in  the  spectra  of  the  two  other  isomers.  A  band  at  742  cm'^  is 
characteristic  of  1-phenylpentane. 

The  constants  and  the  infrared  spectrum  of  the  hydrogenation  product  agree  exactly  with  the  corresponding 
data  for  pure  1-phenylpentane.  In  the  infrared  spectrum  of  the  compound  all  the  intense  bands  characteristic  of 
2-  and  3-phenylpentane  are  completely  absent. 

Thus  it  was  demonstrated  that  when  vinylmethylacetylene  is  chloroaryated  only  2-chloro-l-phenylpentyne-3 
(I)  (the  principal  product)  and  4-chloro-l-phenylpentadiene-2,3  (II)  are  formed.  The  formation  of  the  adducts 
(in)-(VI)  is  excluded,  since  they  all  would  give  phenylpentanes  with  a  branched  chain  on  hydrogenation. 

As  a  result  of  chlorophenylation  of  propenylacetylene  we  might  also  expect  the  formation  of  six  adducts: 


CH3— cil=cn— CC1=GH-C6H6  (la) 


CH3— CIICl— CH=C=CH— CaHj  (lla) 


CIIj-CIl— C1IC1-C=CH  (Ilia) 

I 

CoHs 


CH3-CH-GH=C=CHC1  (IVa) 

I 

CeHs 

GH3— GHGl— GH— G^GH  (Va) 

I 

C0H5 

GH3-GH=GH-G=GHG1  (via) 

I 

Colls 


If  we  judge  from  the  infrared  spectrum  (Fig.  1,  Curve  2),  the  product  actually  obtained  was  predominantly  the 
allenic  compound  (Ila)  or  (IVa)  with  a  small  admixture  of  the  acetylenic  isomer  (Ilia)  or  (Va).  In  this  spectrum  there 
was  an  intense  band  of  the  allenic  group  (1953  cm"^)  and  a  weak  band  of  the  end  acetylenic  group  (2120  cm"^). 

In  this  case  direct  determination  of  the  amount  of  the  acetylenic  isomer  was  possible.  It  turned  out  that  it 
constituted  about  20*70  of  the  whole  mixture. 

When  the  compound  was  hydrogenated  on  Pd/CaCOs,  a  mixture  of  1-  and  2- phenylpentanes  in  the  ratio  of  ap¬ 
proximately  53;47  was  obtained.  3-Phenylpentane  was  not  present  in  the  hydrogenation  products.  This  conclusion 
was  based  on  the  fact  that  in  the  infrared  spectrum  of  the  hydrogenation  products  (Fig.  2,  Curve  2)  there  were  no 
characteristic  bands  for  3-phenylpentane  (886,1027,  and  1142  cm"^).  This  spectrum  agreed  satisfactorily  with  the 
spectrum  of  a  specially  prepared  mixture  of  1-  and  2- phenylpentanes  in  the  ratio  indicated  above.  Especially  con¬ 
venient  for  the  selection  of  the  necessary  concentration  of  the  isomers  were  the  frequencies  1030,  1060,  1088,  and 
1110  cm"^, and  also  the  frequencies  731,  742,  and  754  cm"^. 
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Fig.  2.  Infrared  transmission  spectra.  1)  Hydrogenated  products  of  chioro- 
arylation  of  vinylmethylacetylene;  2)  hydrogenated  products  of  chloro- 
arylation  of  propenylacetylene;  3)  1-phenylpentane;  4)  2-phenylpentane; 

5)  3-phenylpentane. 

The  data  from  hydrogenation  permitted  confirmation  of  the  fact  that  the  isomer  (Va)  was  absent  from  the 
products  of  chlorophenylation  of  propenylacetylene.  Thus  the  acetylenic  product  could  have  only  the  formula  (Ilia). 

The  most  important  result  of  the  experiments  with  propenylacetylene  was  the  establishment  of  the  following 
facts:  on  chloroarylation  the  aryl  can  add  not  only  to  the  end  ethylene  carbon  atom,  but  also  in  the  middle  of  the 
chain,  and  not  only  at  the  ethylenic,  but  also  at  the  acetylenic  bond.  The  addition  at  the  triple  bond,  which  is 
less  characteristic  of  the  chloroarylation  reaction,  is  caused  here  apparently  by  steric  hindrances  when  the  aryl  group 
enters  the  disubstituted  double  bond.  The  rates  of  these  reactions,  which  differ  greatly  from  each  other  in  the  presence 
of  unsubstituted  end  carbon  atoms,  proved  to  be  very  similar  in  this  case. 

As  a  result  of  the  chlorophenylation  of  the  third  and  last  of  the  possible  isomers  of  the  methyl- substituted 
vinylacetylenes,  isopropenylacetylene,  we  might  expect  the  formation  of  the  following  isomers: 
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Cen5-CIl2-CCl-C=CH  (Ib) 

I 

CHa 

C0II.--CH2— C=C=CI1C1  (lib) 


cii2Ci-c=c=cn-Coii5  (ivb) 

I 

CII3 

cii2ci-c(cii3)-c=cn  (Vb) 


CH3 

r:i!2=c-cci=cii-Con6  (nib) 

I 

C1I3 


Colls 

GII,=C — G=C1ICI  (VIb) 

I  I 

CIImCoIIs 


The  infrared  spectrum  of  the  adduct  obtained  (Fig.  1,  Curve  3)  indicates  that  it  is  a  mixture  of  similar  amounts 
of  the  acetylenic  and  the  allenic  adducts.  By  direct  determination  it  was  established  that  the  material  contained  about 
46*70  of  the  acetylenic  adduct. 

When  it  was  hydrogenated  on  Pd/CaCOs,  only  l-phenyl-2-methylbutane  was  obtained. 


Fig.  3.  Infrared  transmission  spectra.  1)  Hydrogenated  products  of  chloro- 
arylation  of  isopropenylacetylene;  2)  1-phenyl- 2-methylbutane:  3)  1-phenyl- 
-3-methylbutane;  4)  2-phenyl-3-methylbutane;  5)  2- phenyl- 3- methyl- 
butane. 
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Constants  and  Analytical  Data  for  Chlorophenylation  Products 


The  isomeric  phenylmethylbutanes  which  could  be  ob¬ 
tained  by  hydrogenation  of  adducts  (Ib)-(VIb)  differed  greatly 
with  respect  to  their  constants  and  infrared  spectra.  The  fre¬ 
quencies  735,  1096,  1152,  1178,  and  1350  cm"^  (Fig.  3, 

Curve  2)  are  characteristic  of  l-phenyl-2-methylbutane. 

The  first  two  of  them  are  absent  from  the  spectra  of  the  other 
isomers.  The  frequencies  742  and  1367  cm"^  (Fig.  3,  Curve  3) 
are  characteristic  of  l-phenyl-3-methylbutane,  a  possible 
[voduct  of  the  hydrogenation  of  the  isomers  (Illb)  and  (IVb). 
The  first  of  them  is  absent  from  the  spectra  of  all  the  other 
isomers.  The  frequencies  758,  1083,  1261,  and  1362  cm  ' 
(Fig.  3,  Curve  4)  are  characteristic  of  2-phenyl-2-methylbu- 
tane,  a  possible  product  of  the  hydrogenation  of  the  isomer 
(Vb).  The  first  of  them  is  absent  from  the  spectra  of  all  the 
other  isomers.  And  finally,  the  frequencies  722,  750,  1053, 
and  1083  cm"^  (Fig.  3,  Curve  5)  are  characteristic  of  2-phen- 
yl-3-methylbutane,  a  possible  product  of  the  hydrogenation 
of  the  isomer  (Vlb).  The  first  and  third  are  absent  from  the 
spectra  of  the  other  isomers. 

The  infrared  spectrum  of  the  hydrogenation  products 
(Fig.  3,  Curve  1)  coincides  with  the  spectrum  of  1-phenyl- 
3-methylbutane  and  does  not  contain  frequencies  character¬ 
istic  of  the  other  isomers. 

We  checked  the  sensitivity  of  the  method  of  determin¬ 
ing  the  structure  of  the  products  of  chlorophenylation  of  the 
enynes  by  the  infrared  spectra  of  their  hydrogenation  products. 
It  turned  out  that  contamination  by  an  extraneous  isomer  in 
l-phenyl-3-methylbutane  was  detected  with  certainty  if  it 
was  added  in  the  amount  of  about  5°]o. 

Thus  it  was  shown  that  in  the  case  of  isopropenyl- 
acetylene  chlorarylation  proceeds  with  the  formation  of 
adducts  (lb)  and  (Ilb).  The  radical  adds  only  to  the  end 
carbon  atom  and  only  from  the  direction  of  the  double  bond. 
The  1,3-diene  adducts  (inb)  and  (Vlb)  are  not  formed.  The 
acetylenic  isomer  can  have  only  the  formula  (lb),  and  the 
remainder  can  be  only  the  allenic  isomer  (lib). 

The  experimental  data  given  show  that  if  both  the 
ethylenic  and  the  acetylenic  carbon  atom  are  at  the  end  of 
the  molecule,  then  addition  of  the  radical  goes  strictly  sel¬ 
ectively  at  the  ethylenic  end. 

We  previously  posed  the  question  of  the  possibility  of 
partial  addition  of  the  aryl  group  to  vinylacetylene  from  the 
direction  of  the  acetylenic  bond  [2].  This  question  could  not 
be  resolved  by  simple  hydrogenation  or  by  any  other  conclu¬ 
sive  method.  In  the  case  of  isopropenylacetylene  the  ethyl¬ 
enic  end  of  the  molecule  is  "tagged"  by  the  methyl  group 
and  the  question  of  the  order  of  entrance  of  the  aryl  radical 
was  resolved  simply  and  unequivocally. 

In  the  light  of  these  data  it  seems  to  us  to  be  definite 
that  in  the  case  of  the  unsubstituted  vinylacetylene  addition 
of  the  aryl  group  also  takes  place  only  from  the  direction  of 
the  double  bond.  We  propose  to  demonstrate  this  order  of 
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addition  by  the  use  of  c“-labeled  vinylacetylene. 

The  data  considered  on  the  order  of  chlorophenylation  of  the  closest  homologs  of  vinylacetylene  permit  the  con¬ 
clusion  that  the  methyl  radicals  affect  the  order  of  chlorophenylation  in  a  twofold  manner.  The  methyl  radical  in 
the  4  position  hinders  the  usual  addition  of  the  aryl  group  at  the  site  of  the  double  bond.  This  apparently  is  a  purely 
steric  effect.  In  positions  1  and  3  the  methyl  radical  promotes  stabilization  of  the  acetylenic  isomer,  and  in  position 
4  it  promotes  that  of  the  allenic  isomers  of  the  chlorophenylalkanes,  probably  as  a  result  of  o ,  ir  -conjugation. 

C  HC  ^-C  Ahj 

IIS*  1^3* 

Some  similarity  between  the  direction  of  the  chloroarylation  reaction  and  the  electrophilic  bromination  of  the 
closest  homologs  of  vinylacetylene  attracts  attention.  In  both  cases  the  radicals  in  the  1  and  3  positions  promote 
addition  at  the  double  bond,  but  the  radicals  in  the  4  position  promote  the  predominant  formation  of  the  1,4-products. 

These  similarities  make  us  doubt  the  purely  radical  nature  of  the  haloarylation  reaction.  The  typically  ionic 
catalytic  addition  of  the  alkyl  halides  to  vinyl-  and  isopropenylacetylenes  proceeds  in  an  entirely  different  way:  ex¬ 
clusively  at  the  triple  bond  [6-8].  At  the  same  time  the  vinylalkylacetylenes  add  alkyl  halides  predominantly  from 
the  direction  of  the  double  bond,  and  the  radical,  as  in  the  case  of  haloraylation,  goes  to  the  end  carbon  atom  [9]. 


EXPERIMENTAL 

Vinylmethyl-,  propenyl-,  and  isopropenylacetylenes  were  prepared  by  the  usual  methods  [5].  The  chloroaryla¬ 
tion  was  carried  out  under  the  conditions  proposed  by  A.  V.  Dombrovskii  [1].  The  constants  and  analyses  of  the 
chlorophenylation  products  are  given  in  the  table. 

Chlorophenylation  of  vinyl  methylacetylene.  From  16.5  g  of  vinylmethylacetylene  and  18  g 
of  aniline,  17.6  g  of  chlorophenylation  products  were  obtained  with  the  constants  shown  in  the  table.  The  residue  on 
distillation  weighed  2  g. 

When  5.94  g  of  the  compound  was  reduced  in  40  ml  of  methanol  in  the  presence  of  5.3  g  of  Pd/CaCOs,  2104  ml 
of  H2  (775  mm,  18“)  was  absorbed  in  5  hours,  which  corresponds  to  BS.l^o  of  theoretical.  The  reaction  products  were 
steam  distilled  off,  salted  out  from  the  distillate  with  saturated  CaCl2  solution,  dried,  and  redistilled  in  vacuum. 

Three  and  two  tenths  grams  (79*70)  of  pure  hydrocarbon  was  obtained. 

B.p.  91-92°  (20  mm),  df  0.8601,  ng  1.4886,  MR  49.63;  calculated  49.39. 

Known  1- phenyl  pentane  was  prepared  by  the  following  scheme*: 

Con5-cn=CH-CHO  |Con5-cn=cn-cnon-cn2-cii3] 

— ►  C6H5-cn=cn-cn=cii-CH3  (35%)  — 

CoHs-Cira-CIIz-CHi-Cliz-CHa  (6S0/0) 


B.p.  91-92°  (20  mm),  df  0.8606,  ng  1.4885,  MR  49.62;  calculated  49.39. 

Literature  data  [10]:  b.p.  205.3°,  df  0.8578,  ng  1.4884,  MR  49.73;  calculated  49.39. 
2-  and  3-Phenylpentanes  were  prepared  for  comparison. 

2-Phenylpentane  was  prepared  by  the  following  scheme: 


C0H5-CO 

I 


Clh 


C6M5-COH-CH2-CH2-CH3  (56%) 

CII3 


II ';i 


C6H5-CCI-CH2-CH2-CH3(690/o)  €6113-011-0112-0112-0113  (84%) 


Oil; 


OIL 


•In  this  and  the  following  schemes  the  yield  of  the  respective  compounds  purified  by  distillation  is  given  in  parentheses. 
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B.p.  83-84*  (20  mm),  dj®  0.8632,  n“  1.4888,  MR  49.50;  calculated  49.39. 

Literature  data  [10]:  b.p.  189-190*,  df  0.8621,  ng  1.4890,  MR  49.59;  calculated  49.39. 

3-Plienylpentane  was  prepared  by  the  following  scheme; 

Clla-CHa-CO  C,ll5-COII-CH,-CH3  (75%) 

I  I 

CH2-CII3  CHa— CH3 

C8M5-CCI-CH2-CH3  (84o/„>  «»■  C,H5-CH-CIl2-CH,-CH3  (790/o) 

I  I 

CHj-CHa  CH2-CH3 

B.P.  84-85*  (20  mm),  df  0.8625,  n“  1.4885,  MR  49.51;  calcuUted  49.39. 

Literature  data  [10]:  b.p.  190-191*,  df  0.8649,  1.4880,  MR  49.33;  49.39. 

Chlorophenyla  tion  of  propenylacetylene.  From  11.5  g  of  propenylacetylene  and  10.8  g  of 
aniline,  7.2  g  of  chlorophenylation  products  and  3.5  g  of  high  boiling  residue  were  obtained. 

When  4.6  g  of  the  compound  was  reduced  in  40  ml  of  methanol  on  8.4  g  of  Pd/CaCOs,  1600  ml  of  (761  mm, 
17.5*)  was  absorbed  in  50  min,  which  corresponds  to  85'lfc  of  theoretical.  Two  and  seven  tenths  grams  (89*^)  of  hydro¬ 
carbons  (a  mixture  of  1-  and  2-phenylpentanes)  were  isolated  from  the  reaction  mixture. 

B.p.  84-88*(20  mm),  df  0.8634,  n“  1.4890. 

Chlorophenylation  of  isopropeny  lacetylene  .  From  12.3  g  of  hydrocarbon  and  14  g  of  aniline, 
12.1  g  of  chlorophenylation  products  were  obtained.  The  residue  from  distillation  weighed  5  g. 

When  4.6  g  of  compound  was  reduced  in  40  ml  of  methanol  in  the  presence  of  5  g  of  Pd/CaCOs,  1597  ml  of  Hj 
(770.3  mm,  l7.5“)  was  absorbed  in  8  hours,  which  corresponds  to  87.3'Vo)  of  theoretical. 

Tltree  and  two  tenths  grams  (87*70)  of  l-phenyl-2-methylbutane  was  obtained. 

B.p.  79.5-80.5*  (20  mm),  df  0.8615,  nf  1.4896,  MR  49.67;  calculated  49.39. 

Known  1- phenyl- 2-methylbutane  was  prepared  by  the  following  scheme: 


CH3-r,Il2-r,0  CeUg-CHa-COIl-CHa— CHg  (52«/o) 

I  I 

i:n.i  CH3 

-♦C9lh,-r.H2-CCl-CH2-CH3  (460/o)  — CeH5-Cll=C-CH2-CH3  (830/o, 

I  I 

Cflg  CIIj 

— >  C6n5-Gii2-cn-cn2-cn3  (77  Vo) 

I 

CH3 


B.p.  80-80.5*  (15  mm),  df  0.8625,  n"  1.4898,  MR  49.56;  calculated  49.39. 

Literature  data  [10];  b.p.l94*,  df  0.8571,  ng  1.4856,  MR  49.57;  calculated  49.39. 

For  comparison,  l-phenyl-3-methylbutane,  2-phenyl-3-methylbutane,  and  2- phenyl- 2-methylbutane  were 
prepared. 


1-  Phenyl- 3-methylbutane  was  prepared- by  the  following  scheme: 

c,iiii-ciio  CcM5-cnon-cii2-cn-cn3  (42%) 


oils 

C6ll5-CHCl-C.Il2-r.ll-Cl|.,(r)2%)  — — ^  CBUs-CHa-CMa-CII-CIla  (78%) 


LII. 


C1I3 
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B.p.  79.5-80“  (15  mm),  df  0.8632,  ng  1.4860,  MR  49.26;  calculated  49.39. 

Literature  data  [10]:  b.p.  196.1-196.5",  df  0.8529,  1.4858,  MR  49.84;  calculated  49.39. 

2-Phenyl-3*methylbutane  was  prepared  by  the  following  scheme: 


C,H6-C0  Cellj-COH-Cn-CHa  (70o/o)  -i— 

I  I  I 

CII3  CH3  CH3 

CeH,-CCI-Cll-CH3(690/o)  ■  CelU-CH— CH-Cn3  (73o/„) 

II  II 

CII3  CH3  CH3  CH3 


B.p.  74.5-75.5",  dl®  0.8655,  ng  1.4910,  MR  49.48;  calculated  49.39. 

Literature  data  [10]:  B.p.  186",  df  0.8795,  ng  1.4882,  MR  48.50;  calculated  49.39. 

2-Phenyl-2-methylbutane  was  prepared  from  benzene  and  tertiary  anyl  alcohol  by  the  Friedel-Krafts  reaction 
in  45*70  yield. 

B.p.  74.5"  (15  mm),  df  0.8669,  ng  1.4928,  MR  49.26;  calculated  49.39. 

Literature  data  [10]:  b.p.  189-191",  df  0.8737,  ng  1.4920,  MR  49.84;  calculated  49.39. 

The  literature  data  for  the  isomeric  phenylpentanes  given  in  different  sources  differ  greatly.  We  used  chiefly 
R.  D.  Oboletsev’s  handbook  [10].  The  constants  given  in  this  handbook  for  2-phenyl-3-methyl-  and  2-phenyl-2- 
methylbutanes  differ  greatly  from  those  that  we  found.  Judged  from  the  values  of  the  molecular  refractions,  our 
data  are  the  more  correct. 


SUMMARY 

1.  The  chlorophenylation  by  phenyldiazonium  chloride  of  three  isomeric  enyne  hydrocarbons,  vinylmethyl- 
propenyl-,  and  isopropenylacetylenes,  has  been  investigated. 

2.  It  has  been  shown  that  in  all  cases  mixtures  of  acetylenic  and  a llenic  chlorides  are  obtained.  The  largest 
amount  of  acetylenic  chloride  was  produced  in  the  case  of  vinylmethylacetylene,  and  the  least  in  the  case  of  pro- 
penylacetylene. 

3.  It  has  been  established  that  the  phenyl  radical  adds  to  the  vinyl-  methyl-  and  isorpopenylacetylene  only 
from  the  direction  of  the  double  bond  to  the  terminal  carbon  atom.  In  the  case  of  propenylacetylene,  compounds 
with  the  radical  on  the  first  (acetylenic)  and  the  third  (ethylenic)  carbon  atoms  are  obtained  in  similar  amounts. 

4.  For  evidence  of  the  structure  of  the  chlorophenylation  products  the  method  of  hydrogenation  to  the  phenyl- 
alkanes  and  infrared  spectroscopy  were  utilized. 

LITERATURE  CITED 

1.  A.  V.  Dombrovskii,  ZhOKh  27,  3050  (1957). 

2.  A.  A.  Petrov,  Kh.  V.  Bal’yan,  Yu.  I.  Kheruze,  and  T.  V.  Yakovleva,  ZhOKh  2101  (1959). 

3.  Yu.  I.  Kheruze  and  A.  A.  Petrov,  ZhOKh  31,  426  (1961). 

4.  Yu.  I.  Kheruze  and  A.  A.  Petrov,  ZhOKh  30,  2526  (1960). 

5.  A.  A.  Petrov  and  Yu.  I,  Profir*eva,  ZhOKh  1867  (1953);  1808  (1957). 

6.  A.  A.  Petrov  and  K.  V,  Leets,  DAN  SSSR  95,  285  (1954), 

7.  I.  A.  Maretina,  A.  A.  Petrov,  and  T.  V.  Yakovleva,  ZhOKh  29,  3992  (1959). 

8.  I.  A.  Maretina  and  A.  A.  Petrov,  ZhOKh  417  (1961). 

9.  A.  A.  Petrov  and  K.  V.  Leets,  ZhOKh  26 , 407  (1956). 

10.  R.  D.  Obolentsev,  Physical  constants  of  hydrocarbons  [in  Russian]  (Gostoptekhizdat.  1953). 


715 


STERIC  HINDRANCES  IN  THE  CONJUGATION  CHAINS  OF 
POLYMETHINE  DYES 

I.  QUATERNARY  SALTS  OF  2-(p-DIMETHYLAMINOSTYRYL)-BENZOTHI AZOLES 

A.  I.  Kiprianov  and  F.  A.  Mikhailenko 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  UkrSSR 
Translated  from  Zhurnal  Obshchei  Khimii  Vol.  31,  No.  3, 
pp.  781-786,  March,  1961 
Original  article  submitted  April  12,  1960 


In  1950  A.  I.  Kiprianov  and  I.  K.  Ushenko  [1]  showed  that  on  transition  from  the  chain-unsubstituted  styryl  dye 
(I)  to  its  methyl  derivative  (II)  the  long-wave  absorption  band  is  shifted  strongly  toward  the  violet  and  the  absorption 
intensity  is  reduced. 


I  [  C.-CH=r.ll-<f  ^-N(CHa)2  | 


CH, 


:-C=CH-<f _ ^-N(CH3)2 


(1) 

530  mti,  •  •  10-'  11.0; 


-N/ 

I 

Calls 


I" 

(11) 

481  mix.  t  •  10-‘  8.2. 


The  authors  explained  this  phenomenon  by  the  development  of  steric  hindrances  between  the  methyl  group,  on 
the  one  hand,  and  the  sulfur  atom  and  N-alkyl  group,  on  the  other.  The  steric  hindrances  compel  the  benzothiazole 
ring  to  turn  around  its  bond  to  the  neighboring  carbon  atom  of  the  chain  (as  around  an  axis)  to  a  certain  angle,  and 
the  disruption  of  the  coplanarity  of  the  dye  molecule  weakens  the  conjugation  and  color.  However,  in  symmetrical 
trimethinethiacyanines  the  same  steric  hindrances  lead  to  a  shift  of  the  absorption  maximum  not  toward  the  short¬ 
wave,  but  toward  the  long-wave  portion  of  the  spectrum  [2].  In  exactly  the  same  way,  the  absorption  maximum  is 
shifted  toward  the  red  for  merocyanine  dyes,  for  example,  on  transition  from  the  compound  (III),  unsubstituted  in  the 
chain,  to  its  methyl  derivative  (IV). 


CH3 

1 

1  1  C= 

:CII-CH=C - S 

1  1 

=G-C11=C - S 

1  1 

OC  CS 

U\n/ 

1  1 
OC  CS 

(illg 

\n/ 

1 

1 

dig 

Xn/ 

1 

Clla 

CH3 

(III) 

(IV) 

521  .  .  10-  9.13; 

Xmax 

542  mix,  i  .  10-*  7,75. 

Now  we  know  why  the  transition  from  Compound  (I)  to  (II)  is  connected  with  a  hypsochromic  shift,  but  the 
transition  from  Compound  (III)  to  (IV)  with  a  bathochromic  shift  of  the  absorption  band  of  the  dye.  The  crux  of  the 
matter  is  that  on  transition  from  the  coplanar  molecule  (I)  to  the  noncoplanar  (II)  the  rotation  of  the  benzothiazole 
ring  takes  place  around  a  single  bond  (more  correctly,  a  principally  single  bond),  whereas  on  transition  from  (III)  to 
(IV)  that  same  rotation  takes  place  around  a  double  bond  (more  correctly,  a  principally  double  bond)  [3]. 

The  structure  of  the  dye  molecule  (I)  in  the  normal  and  excited  states  is  intermediate  between  (la)  and  (Ib) 
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>-N(CH3), 


C.IU 

(U) 

^ 

I  C=CH-CH=<^ _ )>=1^(CH3)2 


Calls 


(Ib) 


In  the  normal  state  (la)  predominates,  and  in  the  excited  state  (Ib).  An  analogous  situation  also  exists  for  the 
dye  (II). 


Let  us  term  the  energy  of  the  dye  (I)  in  the  normal  state  Ejj  and  of  the  dye  (II)  E^,  and  the  corresponding  ener¬ 
gies  in  the  excited  state  Eg  and  Eg.  There  is  little  difference  between  E^  and  Ejj,  since  the  rotation  around  the  single 
bond  does  not  require  a  large  energy  consumption.  But  E^  is  larger  than  Eg,  since  the  rotation  around  the  double  bond 
requires  energy  consumption.  Hence  E*  — E^  =  hi/  *  is  larger  than  Eg— E^  =  hi/.  Hence,  v'  is  larger  than  v . 


In  the  case  of  the  merocyanines,  for  which  the  nonpolar  structure  predominates  in  the  normal  state,  for  example, 
(Ilia),  and  the  polarized  structure  in  the  excited  state,  for  example,  (Illb),  the  ratios  of  energies  in  the  normal  and  ex¬ 
cited  state  are  inverse,  and  i/'  is  found  to  be  less  than  u . 


I  I  C=CH-CH=C 

A./ 


CH, 


OC  CS 
\nA 
I 

CIl, 


(Ilia) 


'  *  C-CH=CH-C - S 

II  I 

-0_c  GS 
I 

CH3 

(ilib) 


Clli 


The  absorption  intensity  for  molecules  of  nonplanar  structure  is  reduced,  since  rotation  of  the  ring  is  (!;onnected 
with  a  decrease  of  the  mutual  overlapping  of  the  ir -electron  orbits. 

Thus,  the  sign  of  the  shift  of  the  absorption  maximum  of  the  dye  as  a  result  of  steric  interferences  in  the  con¬ 
jugation  chain  depends  on  the  order  of  the  bond  which  acts  as  an  axis  for  rotation  of  the  ring.  In  trimethinethiacyanine 
the  length  of  all  four  carbon-carbon  bonds  of  the  trimethine  chain  is  identical  and  equal  to  1.45  -  1.46  A  [4],  Hence, 
the  order  of  these  bonds  is  close  to  1.5  [5].  Experiment  shows  that  rotation  at  these  bonds,  as  also  at  bonds  of  higher 
orders,  entails  a  shift  of  the  absorption  maximum  toward  the  long-wave  portion  of  the  spectrum  [2]. 

In  the  molecules  of  styryl  dyes  of  the  structure  (V),  the  order  of  the  bonds  "a"  and  "c"  approaches  1,  and  the 
order  of  the  bond  "b"  approaches  2. 


j  C-C=CH-^  ^-N(CH3)2 


CH, 


X- 

(V) 


R  =  H,  NO„  N(CH,),;  R'  =  H,  CH,;  X  =  anion. 


However,  these  bonds  can  be  influenced  to  a  certain  degree,  introducing  polar  groups  R  into  position  6  of  the  benzo' 
thiazole  ring.  Thereby  the  positive  substituent  N(CH3)2  should  decrease  the  order  of  the  "a"  and  "c"  bonds  and  in¬ 
crease  the  order  of  the  "b"  bond.  The  negative  substituent  NO2  should  act  in  the  opposite  direction. 
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In  our  work  we  have  investigated  how  such  a  change  of  bond  order  is  reflected  in  the  steric  effects  which  ate 
caused  by  replacing  the  hydrogen  atom  at  the  B- position  of  a  styryl  dye  by  methyl  (transition  from  R*  =  H  to  R’  =  CH8). 
The  results  of  our  observations  are  shown  in  Table  1. 


TABLE  1. 


From  the  data  of  Table  1  it  is  evident  that  on  introduction  of  the  methyl  group  into  the  B -position  of  all  three 
of  the  chain-unsubstituted  dyes  (1,3,  and  5)  the  absorption  maxima  are  shifted  toward  the  short-wave.  This  signifies 
that  the  order  of  the  bond  "a*  remains  close  to  1.  However,  as  should  also  be  expected,  with  R  =  NOj  the  shift  is  the 
least,  and  with  R  =  N(CH3)2  the  greatest.  For  all  three  nonplanar  dyes  (2,4,  and  6)  the  extinctions  are  sharply  reduced, 

We  also  investigated  the  light  absorption  of  styryl  dyes  of  the  structure  (VI). 

T  _ 

I  I  _ ^-Nicii,).; 

I 

CM,  X- 

(VI) 


For  these  dyes  steric  interferences  also  arise  between  a  methyl  group  at  the  a- position  (R*  =  CHs)  and  the  ortho¬ 
hydrogen  atoms  of  the  neighboring  benzene  ring,  even  though  these  interferences  are  far  less  than  for  the  dyes  2,4, 
and  6.  The  influence  of  the  steric  hindrances  on  absorption  is  evident  from  the  data  of  Table  2. 


TABLE  2. 


With  R  =  NO2  the  absorption  maximum  of  the  dye  with  a  methyl  group  in  the  a-position  (7)  is  almost  the  same 
as  the  maximum  of  the  unsubstituted  dye  (1),  even  though  the  extinction  is  almost  halved.  With  R  =  H  (8)  the  maxi¬ 
mum  is  shifted  considerably,  and  with  R  =  N(CH3)2  (9)  very  considerably  in  the  short-wave  direction.  Here  also  is 
observed  a  reduction  of  the  absorption  intensity.  The  steric  effects  of  the  styryl  dyes  7,  8,  and  9  repeat  the  effects 
of  dyes  2,  4,  and  6,  even  though  for  these  latter  dyes  the  effects  are  more  strikingly  expressed. 
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EXPERIMENTAL 


3-Methyl-5-[3  '-methylbenzothiazolinylidene-2*-(d-methyl)-ethylidene]-thia- 
zolidinethione-2-one-4  (IV).  A  mixture  of  0.28  g  of  methylmethosulfate  of  2-ethylbenzothiazole,  0.29 
g  of  3-methyl-5-(acetaniIidomethylene)-rhodanine,  1  ml  of  pyridine,  1  ml  of  butanol-1,  and  5  drops  of  triethylamine 
was  boiled  for  1  hr.  The  precipitated  dye  was  recrystallized  from  methanol;  yield  0.14  g  (42*7o),  dark  blue  needles 
with  m.p.  212*. 

Found  *7o"  5  29.32,  29.31.  C15H14ON2S3.  Calculated 5  28.74. 

The  N,N '-diethyl  derivative  of  this  dye  is  described  in  the  literature  [6]. 

Methiodide  of  2-(p-dimethylamino-8  -  methylstyryl)-6-nitrobenzothiazole  (Table  1, 
dye  2)  was  prepared  similarly  to  the  ethylperchlorate  of  this  base  [7].  Yield  after  crystallization  from  methnaol  39*^, 
dark  brown  crystals  with  m.p.  245*. 

Found  %  I  26.45,  26.55.  C19H20O3N51.  Calculated  %.  I  26.40. 

Methylmethosulfate  of  2-(p-Dimethylamino-a-methylstyryl)-6-nitrobenzothiazole 
(Table  2,  dye  7)  was  synthesized  similarly  to  the  corresponding  ethylperchlorate  [7].  Dark  green  crystals  with  m.p. 
221°. 

Found  I0:  5  13.47,  13.45.  C20H23O6N352.  Calculated  5  13.76. 

Methy  Iperchlorates  of  2  -  (  p- D  i  m  ethy  la  m  inos  tyr  y  1)  -  be  n  zo  thi  a  zo  le  ,  2 -(  p- Di  m  ethy  1 - 
amino-6  -  methjlstyry  1)  -  be  nzo  th  ia  zole  ,  and  2  -  (  p  -  d  ime  thy  la  m  ino  -  ot  -  m  ethy  Is  ty  r  y  1)  - 
benzothia  zole  (Table  1,  dyes  3  and  4;  Table  2,  dye  8)  were  prepared  similarly  to  the  ethylperchlorates  of  these 
bases,  described  in  [1]. 

Methyl -  p-  toluenesulfonate  of  2-(p-Di methyl aminostyryl)-6-dimethylaminobenzo- 
thiazole  (Table  1,  dye  5).  A  mixture  of  0.38  g  of  the  methyl- p-toluenesulfonate  of  2-methyl-6-dimethylamino- 
benzothiazole,  0.22  g  of  p-dimethylaminobenzaldehyde,  and  5  ml  of  acetic  anhydride  was  boiled  for  15  min.  After 
cooling  to  0°  the  precipitated  dye  was  filtered  off  and  recrystallized  from  water.  Yield  0.23  g  (43*70),  dark  green 
needles  with  m.p.  269°. 

Found  *70;  5  12.60,12.70.  C27H3i03N352.  Calculated  *70;  5  12.57. 

2-Ethyl-6-dimethylaminobenzothiazole.  A  mixture  of  24.8  g  of  2-amino-5-dimethylamino- 
benzenethiosulfuric  acid  [8],  23  g  of  propionic  anhydride,  and  51  g  of  propionic  acid  was  heated  at  130-140°  with 
stirring  for  1  hr.  Then  the  solvent  was  vacuum-distilled;  the  residue  was  dissolved  in  80  ml  of  dilute  hydrochloric 
acid  and  boiled  with  activated  charcoal.  The  base  was  separated  from  the  filtrate  by  sodium  hydroxide  and  then 
extracted  with  benzene  and  redistilled  under  vacuum.  There  was  obtained  10.8  g  (54*70)  of  light  yellow  oil  with 
b.p.  154°  (4  mm).  The  base  crystallized  on  cooling.  After  crystallization  from  acetone  at  -50°,  colorless  crystals 
with  m.p.  27°. 

Found  *7o:  5  15.53,  15.34.  CiiHi4N2S.  Calculated  *70;  5  15.53. 

The  methiodide  of  the  base  was  prepared  by  heating  a  mixture  of  2.06  g  of  the  2-ethyl-6-dimethylaminoben- 
zothiazole  and  1.5  g  of  methyl  iodide  in  a  sealed  tube  at  140°  for  6  hr.  After  cooling,  the  crystalline  product  was 
dissolved  in  50  ml  of  hot  water  and  boiled  with  activated  charcoal.  On  cooling,  yellow-green  crystals  precipitated 
in  a  quantity  of  2.56  g  (73*70),  m.p.  236°  (from  water). 

Found  *7o:  136.46  ,  36.36.  C12H17N2SI.  Calculated  “To;  1  36.48. 

Methylperchlorate  of  2-(p  -  Dime  thylamino-6-methylstyryl)-6-dimethylamino- 
benzothia zole  (Table  1,  dye  6)  was  prepared  from  0.35  g  of  the  methiodide  of  2-ethyl-6-dimethylaminoben- 
zothiazole,  0.2  g  of  p-dimethylaminobenzaldehyde,  2  ml  of  acetic  anhydride,  and  2  ml  of  pyridine  by  boiling  the 
mixture  for  15  min.  The  dye  was  precipitated  from  the  dark  brown  solution  by  sodium  perchlorate  solution  and  re- 
crystallized  from  methanol.  Yield  0.2  g  (44*70),  m.p.  222°. 

Found  *70:  Cl  7.87,  7.93.  C21H26O4N35CI.  Calculated  *7o:  Cl  7.81. 
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Methyl  perchlorate  of  2-(p-Dimethylamino-a“methylstyryl)-6-dimethylatninoben- 
zothia  zole  (Table  2,  dye  9).  A  mixture  of  0.96  g  of  2-methyl-6-dimethylaminobenzothiazole  and  0.93  g  of 
methyl  p-toluenesulfonate  was  heated  at  150*  for  3  hr.  The  resulting  salt  was  washed  with  benzene  and  then  heated 
at  150*  for  10  hr  with  1  g  of  p-dimethylaminoacetophenone.  The  reaction  product  was  boiled  with  500  ml  of  water 
and  filtered.  A  sodium  perchlorate  solution  was  added  to  the  filtrate.  The  precipitated  dye -perchlorate  was  recrys¬ 
tallized  twice  from  pyridine.  Yield  0.32  g  (IGf^)  of  dark  brown  needlets  with  m.p.  264*. 

Found  %  Cl  8.06,  8.02.  C2iHa804N3SCl.  Calculated  %  Cl  7.81. 

SUMMARY 

In  the  quaternary  salts  of  2-(p-dimethylaminostyryl)-benzothiazoles  it  has  been  shown  that  the  shift  of  the  ab¬ 
sorption  maximum  of  these  dyes  on  introduction  of  methyl  groups  into  the  6  or  a  position  of  their  molecule  depends 
on  the  order  of  the  bond  serving  as  an  axis  of  the  steric  interference -induced  rotation  of  the  benzothiazole  or  cones- 
ponding  benzene  ring. 
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STERIC  HINDRANCES  IN  THE  CONJUGATION  CHAINS 
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In  1950  A.  I.  Kiprianov  and  I.  K.  Ushenko  [1]  found  that  in  the  ionized  form  of  the  symmetrical  thiacarbocya- 
nine  (I)  replacement  of  the  a-  and  y  -hydrogen  atoms  of  the  chain  by  methyl  groups,  leading  to  the  dye  (II),  is 
associated  with  a  considerable  shift  of  the  absorption  maximum  toward  the  long-wave  portion  of  the  spectrum  and 
with  a  decrease  of  the  absorption  intensity. 
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Both  were  explained  by  the  appearance  of  steric  interferences  in  the  dye  (II)  and  a  consequent  disturbance  of 
the  coplanarity  of  the  p)arts  of  the  dye  ion. 

As  is  well  known  [2,3],  the  sign  of  the  absorption  maximum  shift  in  such  cases  depends  on  the  order  of  the 
bond  which  acted  as  an  axis  of  rotation  of  the  ring.  On  transition  from  Compound  (I)  to(II)the  rotation  takes  place 
around  the  bonds  a  and  b,  which  by  virtue  of  the  ion’s  symmetry  have  an  identical  order.  For  chain-unsubstituted 
diethylthiacarbocyanine,  accordii^  to  the  data  of  x-ray  structural  analysis  [4],  this  bond  order  is  equal  to  1.5. 

However,  in  carbocyanines  made  up  of  two  heterocycles  of  differii^  basicity  or  of  two  identical  heterocycles 
with  a  positive  substituent  on  one  of  them  and  a  negative  on  the  other,  the  electronic  symmetry  is  disrupted.  For 
such  unsymmetrical  dyes  a  deviation  appears  (hypsochromic  deviation  of  the  absorption  maximum  from  additivity 
[5]),  the  magnitude  of  which  characterized  the  degree  of  electronic  assymmetry  of  the  dye  ion.  In  carbocyanines 
with  a  significant  deviation  the  bonds  in  the  chain  are  no  longer  identical.  Rotation  around  these  bonds  on  the  ap¬ 
pearance  of  steric  interferences  should  give  rise  to  different  shifts  of  the  absorption  maximum,  depending  on  exactly 
which  bond  served  as  an  axis  of  rotation. 

To  verify  this  hypothesis  experimentally,  we  investigated  two  series  of  symmetrical  and  unsymmetrical  car¬ 
bocyanines.  The  dyes  of  the  first  series  and  their  absorption  maxima  and  molecular  extinctions  (in  alcohol  solution) 
are  shown  in  Table  1. 

From  the  data  of  Table  1  it  can  be  seen  that  the  introduction  of  methyl  groups  into  the  chain  next  to  the 
heterocyclic  rings  in  all  cases  reduces  the  absorption  intensity,  as  should  occur  on  account  of  the  disruption  of  cop¬ 
lanarity.  At  the  same  time,  replacement  of  the  hydrogen  atoms  by  methyls  next  to  quinoline  rings  (transition  from 
Compound  (III)  to  (IV)  and  from  Compound  (VII)  to  (Vni))  gives  a  greater  reduction  of  intensity  than  replacement  of 
the  hydrogen  atoms  by  methyls  next  to  benzothiazole  rings  (transition  from  Compound  (V)  to  (VI)  and  from  Compound 
(Vn)  to  (IX)).  This  should  also  be  expected,  since  in  the  first  case  the  steric  hindrances  are  greater  than  in  the  second. 
Owing  to  the  same  reason,  the  shift  of  the  absorption  maximum  toward  long -wave  on  transition  from  the  dye  (UI)  to 
(IV)  (28  mp)  is  greater  than  on  transition  from  the  dye  (V)  to  (VI)  (18  mp). 
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TABLE  1. 


Dye 

No. 

Structural  formula  of  dye 

X  p 

ctf  C  i 

E  c 
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3  E  ^  ; 

i  X  ^ 

a  2  c 

s  1 
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tion 

[in  mp) 

(Ml) 

1  II  1  1  II  1 
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— 

— 
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582* •• 

12.5 

— 

13, 

(VIII) 

YW  CH3  0 

CM  3  CII1SO4-  1 

CH3 

575 

4.0 

-7 

34 

(IX) 

CH3  s 

1  /  V^-NO, 

kJ 

1 

CH3  I-  1 

CH3 

593 

11.6 

+  11 

11 

•Dye  was  kindly  submitted  to  us  by  G.  G.  Dyadyusha. 

•  •Dye  was  kindly  submitted  to  us  by  E.  D.  Sych. 

•  •  •According  to  Brooker  and  cqworkers  [6],  the  diethylate  of  this  dye  has  an  absorption 
maximum  in  methanol  at  580  m/i  and  a  deviation  of  13.5  mp. 

The  greatest  interest  is  presented  by  the  introduction  of  a  methyl  group  into  the  a-  or  y -position  of  the  chain 
of  the  unsymmetrical  dye  (VII),  In  this  dye  the  quinoline  ring  has  a  far  greater  basicity  than  the  6-nitrobenzothia- 
zole  ring.  Therefore,  of  the  two  possible  structures  for  the  dye  (VII)  ((Vila)  and(VIIb)),  (Vila)  predominates  markedly. 
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1  1 

1  J  Lch- 
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CH3SO4-  CH3 
(Vllb) 

Hence  the  considerable  deviation  of  this  dye 


605inn  +^5mn —  ^g2  m^  =  13  mji,.  Consequently,  the  tran¬ 


sition  from  the  dye  (VII)  to  (IX)  should  entail  rotation  of  the  benzothiazole  ring  about  a  bond  v/ith  an  order  near  2 
and,  correspondingly,  a  shift  of  the  absorption  maximum  in  the  long-wave  direction.  This  is  also  observed  in  fact: 
The  absorption  maximum  is  shifted  11  mp  toward  the  long-wave.  On  the  other  hand,  the  transition  from  Compound 
(VII)  to  (Vni)  should  result  in  rotation  of  the  quinoline  ring  about  a  bond  with  an  order  near  1  and  a  shift  of  the  ab¬ 
sorption  maximum  in  the  short-wave  direction.  This  is  also  observed.  The  absorption  maximum  in  this  case  is 
shifted  7  mp  toward  the  short-wave. 


It  is  interesting  that  disruption  of  coplanarity  in  the  case  of  the  dyes  (Vni)  and  (IX)  affects  their  devaitions. 

The  deviation  increases  if  one  of  the  structures,  for  example  (Vila)  or  (Vnb)  is  stabilized;  the  devaition  decreases  if 
both  structures  approach  equivalence.  On  transition  from  the  dye  (VII)  to  (VIII)  the  order  of  the  bond  between  the 
quinoline  ring  and  the  neighboring  carbon  chain,  which  in  Compound  (VII)  is  already  closer  to  1  than  to  2,  is  de¬ 
creased  still  more  in  the  dye  (Vni)  as  a  result  of  rotation  of  the  quinoline  ring.  This  should  entail  a  further  stabili¬ 
zation  of  the  structure  with  a  cationic  charge  on  the  quinoline  ring  and  an  increase  of  the  deviation.  Indeed,  the  de¬ 
viation  on  transition  from  the  dye  (VII)  to  (VIII)  increases  from  13  to  34  mp.  On  the  other  hand,  the  introduction  of 
a  methyl  next  to  the  benzothiazole  ring  (transition  from  the  dye  (VII)  to  (IX)),  giving  rise  to  rotation  of  the  benzo¬ 
thiazole  ring  about  a  bond  which  has  an  order  closer  to  2  than  to  1,  slightly  decreases  the  order  of  this  bond  and  re¬ 
duces  the  deviation  from  13  to  11  mp.  An  analogous  effect  of  steric  interferences  on  absorption  and  deviation  of 
certain  unsymmetrical  carbocyanines  was  observed  by  A.  I.  Kiprianov  and  G.  G.  Dyadyusha  [7]. 

In  the  carbocyanine  dyes  of  the  second  series,  the  ions  of  which  are  made  up  of  6-dimethylaminobenzothiazole 
and  6-nitrobenzothiazole  rings,  we  observe  the  same  phenomenon.  These  dyes,  shown  in  Table  2,  are  interesting  with 
respect  to  the  fact  that  the  difference  in  basicity  of  the  rings  here  is  determined  only  by  the  difference  in  the  substi¬ 
tuents;  the  heterocycles  themselves  are  identical.  Therefore,  the  steric  interferences  arising  between  the  heterocycle 
and  the  neighboring  methyl  groups  are  in  all  cases  one  and  the  same.  The  optical  effects  of  these  interferences  de¬ 
pend  only  on  the  order  of  the  bond  about  which  the  benzothiazole  ring  rotates. 

And  here  the  disruption  of  coplanarity  of  the  rings  leads  in  all  cases  to  a  decrease  of  the  molecular  extinction, 
and  for  the  unsymmetrical  dyes  (XII),  (Xni),  and  (XIV)  there  is  a  stabilization  of  the  structures  with  the  cationic 
charge  on  the  more  positive  ring  (the  structures  shown  in  Table  2).  Therefore,  substitution  of  methyl  for  the  hydrogen 
atom  next  to  the  6-nitrobenzothiazole  (dye  (XIV))  leads  to  a  17  mp  shift  of  the  absorption  maximum  toward  the  long¬ 
wave  region  (rotation  about  a  preferentially  double  bond),  but  substitution  of  methyl  for  the  hydrogen  atom  next  to 
the  6-dimethylaminobenzothiazole  (dye  (Xni))  gives  rise  to  a  28  mp  shift  of  the  absorption  maximum  toward  the 
short-wave  portion  of  the  spectrum  (rotation  about  preferentially  single  bond),  notwithstanding  the  fact  that  the  steric 
hindrances  are  the  same  in  both  cases. 


Similarly  to  the  dyes  shown  in  Table  1,  the  deviation  of  dye  (XIV),  for  which  the  steric  hindrances  occur  at  a 
bond  with  order  close  to  2,  is  decreased  (from  15  to  7  mp),  and  for  the  dye  (Xni),  with  steric  hindrances  at  a  bond 
with  order  close  to  1,  the  deviation  increases  sharply  (from  15  to  44.5  mp). 

Table  2  permits  making  another  interesting  observation.  Comparing  the  absorption  maxima  of  the  dyes  (I)  and 
(U),  we  see  that  on  introduction  of  two  methyl  groups  into  the  a-  and  y -positions  of  the  unsubstituted  symmetrical 
thiacarbocyanine  the  absorption  maximum  is  shifted  12  mp  toward  the  long-wave.  In  the  case  of  the  dyes  (V)  and 
(VI)  the  introduction  of  methyl  groups  into  the  same  sites  of  the  chain  leads  to  a  markedly  greater  shift  of  the  maxi- 
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TABLE  2. 
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15 


44.5 


•According  to  the  data  of  [8]  the  N,N*-diethyl  derivative  of  this  dye  has  an  absorption 
maximum  at  588  mfi  and  a  deviation  of  10.5  mfi. 


mum  (18  mfi).  This  indicates  that  the  order  of  the  bonds  between  the  benzothiazole  rings  and  the  chain  was  increased 
in  comparison  with  the  ring -unsubstituted  thiacarbocyanine  (I).  Apparently  in  the  symmetrical  dye  (V),  in  which  the 
basicity  of  the  rings  has  been  weakened  by  the  nitro  groups,  the  structure  of  the  ion  (Va),  with  the  cationic  charge  on 
the  middle  member  of  the  chain,  acquires  some  significance. 


\n/V 


On  the  other  hand,  on  transition  from  dye  (X)  to  dye  (XI)  an  extremely  small  shift  of  the  absorption  maximum 
is  observed  (3  mfi).  This  indicates  that  for  the  dye  (X)  the  order  of  the  bonds  between  the  rings  and  the  chain  was  de¬ 
creased  in  comparison  with  the  ring- unsubstituted  dye  (I).  Apparently  in  the  symmetrical  dye  (X)  with  strongly  basic 
substituents,  the  structures  (Xa),  with  cationic  charges  on  both  rings,  begin  to  acquire  significance  [9]. 
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(Xa) 

EXPERIMENTAL 

2-Ethylquinoline.  A  52-g  quantity  of  l-methyl-2-ethyl-l,2-dihydroquinoline,  prepared  in  accordance 
with  [11],  was  refluxed  in  a  flask  with  an  air-cooled  condenser.  The  methane  thereby  evolved  was  collected.  In 
6  hr  3.3  liters  of  methane  was  collected,  after  which  its  evolution  was  extremely  slow.  Judging  by  the  quantity  of 
methane,  the  reaction  went  to  approximately  50*70  completion.  The  reflux  condenser  was  replaced  by  a  straight 
(takeoff)  condenser,  and  a  fraction  boiling  at  252-264“  (22  g)  was  distilled  off.  After  vacuum  fractionation,  14  g 
(30*7o)  of  ethylquinoline  was  recovered,  boiling  at  105-110“  (5  mm).  According  to  literature  data  [11]:  boiling  point 
of  ethylquinoline  72-78“  at  0.6  mm. 

On  heating  with  dimethyl  sulfate  in  xylene,  the  2-ethylquinoline  forms  the  methylmethosulfate— after  crystal¬ 
lization  from  acetone,  colorless  crystals  with  m.p.  123“,  yield  74*70.  For  identification,  part  of  this  quaternary  salt 
was  converted  by  the  action  of  sodium  iodide  to  the  yellow  crystalline  methiodide  with  m.p.  166“  (according  to  the 
data  of  [10],  the  methiodide  of  2-ethylquinoline  melts  at  168“). 

Bis[l-methylquinoline-(2)]-9,ll-dimethyltrimethinecyanine  perchlorate  (IV).  A 
mixture  of  1.12  g  of  the  methylmethosulfate  of  2-ethylquinoline,  1  g  of  orthoformic  ester,  1  ml  of  pyridine,  and  10  mi 
of  tricresyl  phosphate  was  heated  1.5  hr  at  185-190“.  The  reaction  mixture  was  diluted  with  ether,  and  the  resinous 
precipitate  was  dissolved  in  a  mixture  of  chloroform  and  alcohol  (300  ml  chloroform  +  8  ml  alcohol)  and  chromato¬ 
graphed  by  means  of  this  solvent  on  aluminum  oxide.  The  dark  blue  band  was  removed  from  the  aluminum  oxide  by 
methanol:  the  solution  was  concentrated  to  a  volume  of  5  ml  and  precipitated  by  a  methanol  solution  of  sodium  per¬ 
chlorate.  The  perchlorate  of  the  dye  which  precipitated  by  cooling  to  -10“  was  filtered  off  and  washed  with  water, 
methanol  -  ether  mixture,  and  ether.  After  crystalliiation  from  a  small  quantity  of  methanol  at  -15“,  there  was  ob¬ 
tained  45  mg  (5.3*70)  of  bronze  crystals  with  m.p.  223“  (decomp.). 

Found  *70:  N  6.21,  6.07.  C25H2504N^1.  Calculated  *7o:  N  6.18. 

Bis[3-methyl-6-nitrobenzothiazole-(2)]-8,10  -  dime  thyltrimethinecyanine  metho- 
sulfate  (VI).  A  mixture  of  1.67  g  of  the  methylmethosulfate  of  2-ethyl-6-nitrobenzothiazole  [10],  2  ml  of 
orthoformic  ester,  and  5  ml  of  pyridine  was  boiled  for  1  hr.  The  dye  which  precipitated  on  cooling  was  washed  with 
pyridine,  water,  alcohol,  and  ether.  There  was  obtained  1.2  g  (84*70)  of  fine  dark-green  crystals  with  m.p.  207“.  An 
acetic  acid  solution  of  the  dye,  on  the  action  of  sodium  iodide  or  sodium  perchlorate,  precipitated  coloroless  crystals. 

Found  *7o:  N  9.66,  9.52.  C22H22O8N4S3.  Calculated  *7®:  N  9.89. 

Methylmethosulfate  of  6  -  ni  tro  -  2  -  a  ce  ta  ni  lido  v  iny  Ibe  nzo  thia  zole  .  A  mixture  of  9.6  g 
of  the  methylmethosulfate  of  2-methyl-6-nitrobenzothiazole,  5.8  g  of  diphenylformamidine,  and  10  ml  of  acetic 
anhydride  was  heated  in  a  water  bath  for  15  min.  After  cooling,  7.2  g  (51*7o)of  dark-colored  crystals  precipitated; 
m.p.  272“  (from  nitromethane). 

Found  *7o:  5  13.50,13.49.  C,3Hi307N3S2.  Calculated  *7o:  S  13.75. 

2-Methyl-6-nitro-2-formylmethylenebenzothiazoline.  A  mixture  of  4.65  g  of  the  preceding 
compound,  1.18  g  of  potassium  hydroxide,  50  ml  of  water,  and  50  ml  of  propanol- 1  was  boiled  for  1  hr;  then  the  aniline 
was  removed  from  the  mixture  by  steam  distillation.  The  residue  which  remained  in  the  flask  was  filtered  off  and 
dried.  After  its  recrystallization  from  chloroform  there  was  obtained  1.86  g  (81*70)  of  large  light-brown  crystals  with 
m.p.  223“. 

Found  *7o:  5  13.50,13.51.  C10H8O3N2S.  Calculated  *7o:  5  13.56. 

[l-Methylquinoline-(2)]-[3-methyl-6-nitrobenzothiazole-(2)]-trimethinecyanine 
methosulfate  (VII).  A  mixture  of  0.24  g  of  the  preceding  compound,  0.27  g  of  the  methylmethosulfate  of 
quinaldine,  and  5  ml  of  acetic  anhydride  was  boiled  for  10  min.  Yield  0.32  g  (66*7°)  of  crystals  with  m.p.  330“  (de¬ 
comp.)  (from  nitromethane). 
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Found 5  13.44,  13.53.  CaHuO^NjS,.  Calculated 5  13.26. 

[  l-Methylquinoline-(2)]-[3-methyl-6-nitrobenzothiazole-(2)]-9«methyltrlmethlne- 
cyanine  methosulfate  (VIII).  A  mixture  of  0.49  g  of  3-methyl-6-nitro-2-formylmethylenebenzothlazo- 
line,  0.57  g  of  the  methylmethosulfate  of  2-ethylquinoIine,  and  5  ml  of  acetic  anhydride  was  boiled  for  10  min. 

Yield  0.42  g  (41^^).  Green  crystals  with  m.p.  275*  (decomp.)  (from  acetic  acid). 

Found ‘9b:  5  12.63,  12.67.  C23H230eN55,.  Calculated ‘9i>:  5  12.57. 

Me th iodide  of  6-nitro-2-(2*-acetanilidopropenyl)-benzothiazole.  A  mixture  of  1.67 
g  of  the  methylmethosulfate  of  2-ethyl-6-nitro-benzothiazole,  0.97  g  of  diphenylformamidine,  and  10  ml  of  acetic 
anhydride  was  boiled  for  2  hr.  The  reaction  product  was  precipitated  by  ether  and  dissolved  in  60  ml  of  boiling 
water,  and  potassium  iodide  was  added  to  the  filtered  solution.  Obtained  0.82  g  (33‘7o)  of  greenish  crystals  with 
m.p.  232*  (from  methanol). 

Found  *70 ;  1  25.12,  25.07.  Ci3Hjg03N35I.  Calculated ‘T#:  1  25.65. 

[l-Methylquinoline-(2)]-[3-methyl-6-nitrobenzothiazole-(2)]-ll-methyltrime  thine- 
cyanine  iodide  (IX).  A  mixture  of  0.5  g  of  the  preceding  salt,  0.28  g  of  the  methiodide  of  quinaldine,  0.1  g 
of  anhydrous  sodium  acetate,  and  5  ml  of  acetic  anhydride  was  boiled  for  30  min.  Yield  0.23  g  (439t>),  m.p.  247* 
(decomp.,  from  nitromethane). 

Found '7o:  1  24.33,24.33.  C22H20O2N3SI.  Calculated  <70:  123.91. 

Bis[3-methyl-6-dimethylaminobenzothiazole-(2)]-trimethinecyanine  iodide  (X). 

A  mixture  of  0.34  g  of  the  methiodide  of  2-methyl-6-dimethylaminobenzothiazole,  0.3  g  of  orthoformic  ester,  and 
2  ml  of  pyridine  was  boiled  for  6  hr.  The  solution  was  diluted  with  water,  and  the  precipitated  dye  was  filtered  off. 
Obtained  0.11  g  (49‘7'>)  of  green  crystals  with  m.p.  266*  (decomp.,  from  ethanol). 

Found '7i>:  1  23.47,  23.47.  C23H27N4S2I.  Calculated ‘7o:  1  23.09. 

Bis[3-methyl-6-dimethylaminobenzothiazole-(2)]-8, 10-dime  thy  It  rimethinecyanine 
perchlorate  (XI).  A  mixture  of  0.7  g  of  the  methiodide  of  2-ethyl-6-dimethylaminobenzothiazole  [3],  0.7  g 
of  orthoformic  ester,  0.2  g  of  sodium  propionate,  and  1  ml  of  propionic  anhydride  was  heated  in  a  sealed  tube  at 
145“  for  20  min.  The  resinous  residue  was  washed  with  ether  and  with  water,  dissolved  in  a  small  quantity  of  meth¬ 
anol,  and  precipitated  by  sodium  perchlorate.  Obtained  40  mg  (T^o)  of  fine  dark-green  crystals  with  m.p.  187*  (from 
ethanol). 

Found  <70:  S  11.44,  11.33.  C25H31O4N4S2CI.  Calculated  *70:  5  11.63. 

[3-Methyl-6-dimethylaminobenzothiazole-(2)]-[3-methyl-6-nitrobenzothiazole- 
(  2)]-trimethinecyanine  iodide  (XII).  A  mixture  of  0.34  g  of  the  methiodide  of  2-methyl-6-dimethyl- 
aminobenzothiazole,  0.24  g  of  3-methyl-6-nitro-2-formylmethylenebenzothiazoline,  and  5  ml  of  acetic  anhydride 
was  boiled  for  5  min.  Obtained  0.43  g  (78*70)  of  crystals  with  m.p.  263*  (decomp.,  from  nitromethane). 

Found  *70:  1  23.24,23.33.  C21H21O2N4S2I.  Calculated  *7°:  1  23.00. 

[3-Methyl-6-dimethylaminobenzothiazole-(2)]-[3-methyl-6-nitrobenzothiazole- 
(  2)]- 8- methyltrimethinecyanine  iodide  (XIII).  A  mixture  of  0.35  g  of  the  methiodide  of  2-ethyl-6- 
dimethylaminobenzothiazole,  0.24  g  of  3-methyl-6-nitro-2-formylmethylenebenzothiazoline,  and  5  ml  of  acetic 
anhydride  was  boiled  for  5  min.  The  copious  precipitate  of  the  dye  was  filtered  off.  Obtained  0.46  g  (81*7°)  of  dark 
crystals  with  m.p.  266*  (from  nitromethane). 

Found ‘7o:  1  22.49,  22.59.  C22H23O2N4S2I.  Calculated  *70:  1  22.45. 

[3-Methyl-6-dimethylaminobenzothiazole-(2)]-[3-methyl-6-nitrobenzothiazole- 
(2)]-10-methyltrimethinecyanine  iodide.  (X  IV).  A  mixture  of  0.34  g  of  the  methiodide  of  2- 
methyl-6-dimethylaminobenzothiazole,  0.5  g  of  tlie  methiodide  of  3-methyl-6-nitro-2-(2'-acetanilidopropenyl)- 
benzothiazole,  0.1  g  of  sodium  acetate,  and  5  ml  of  acetic  anhydride  was  boiled  for  1  hr.  Obtained  0.38  g  of  dark 
crystals  with  m.p.  221°  (from  a  mixture  of  formic  acid  and  methanol). 

Found ‘9>:  1  22.22,22.23.  022^23.  C22H23O2N4S2I.  Calculated  *70;  I  22.4b. 
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SUMMARY 


In  two  series  of  symmetrical  and  unsymmetrical  carbocyanines  it  was  shown  that  steric  hindrances  arise  on 
substituting  methyl  groups  for  the  hydrogen  atoms  at  the  a-  and  y -positions  of  the  trimethine  chain,  and  the  ab¬ 
sorption  maximum  of  the  dye  is  shifted  toward  the  long-wave  or  short-wave  portion  of  the  spectrum  depending  on  the 
order  of  the  bonds  about  which  rotation  of  the  ring  takes  place.  The  order  of  these  bonds,  and  hence  also  the  direc¬ 
tion  of  the  shift  of  the  absorption  maximum,  can  change  by  means  of  a  change  of  the  basicity  of  the  heterocycles 
forming  the  dye. 
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INVESTIGATION  OF  THE  CONDENSATION  REACTION 
OF  PHEN  ANTHRENEQUINONE  WITH  GUANIDINE 

D.  F.  Kutepov  and  D.  N.  Khokhlov 

Translated  from  Zhumal  Obshchei  Khimii  Vol.  31,  No.  3, 

pp.  793-796,  March,  1961 

Original  article  submitted  March  23,  1960 


Continuing  previous  investigations  of  the  synthesis  of  diureines  and  diguanyls  of  a- diketones  [1]  and  also  the 
diureines  of  o-quinones  [2],  in  the  present  work  the  interaction  of  phenanthrenequinone  with  guanidine  has  been 
studied. 

It  was  found  that  phenanthrenequinone,  reacting  with  guanidine,  forms  in  addition  to  the  diguanyl  of  phen- 
antlirenequinone  described  in  the  literature  [3]  another  substance,  identified  as  dihydroxyphenanthrenequinoneguanyl 
(I),  a  light  yellow  crystalline  infusible  substance  with  decomposition  temperature  210-215".  This  substance  is  cap¬ 
able  of  replacing  both  of  its  hydroxyl  groups  by  chlorine  atoms  by  the  action  of  hydrochloric  acid,  forming  the  crys¬ 
talline  dichloride  (II)  with  m.p.  315-320".  However,  the  action  of  chlorine  in  water- dichloroethane  medium  in  the 
presence  of  calcium  carbonate  leads  to  the  replacement  of  all  three  hydrogen  atoms  in  the  imine  groups  of  the  mole¬ 
cule  and  does  not  affect  the  alcoholic  hydroxyls  of  (III). 
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0\\  Cl 

\/ 

(1) 
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II  1 

\;^ 

(III) 

The  trichloride  (III)  is  a  red-colored  crystalline  substance,  possessing  the  usual  properties  of  N-chlorinated 
imines;  it  contains  active  chlorine  (57.6*^)  and  is  capable  of  regenerating  the  original  dihydroxyphenanthrene- 
quinoneguanyl. 

It  should  be  indicated  that  the  dihydroxyphenanthrenequinoneguanyl  on  boiling  in  water- alcohol  medium 
does  not  react  with  guanidine.  The  specific  properties  of  the  dihydroxyphenanthrenequinoneguanyl  obtained  in  the 
present  work,  an  unusual  pinacone  (pinacol),  include  its  incapability  of  the  pinacolin  (pinacol)  rearrangement  re¬ 
action  under  the  conditions  of  its  preparation.  Such  a  rearrangement  has  been  described  for  the  pinacone  (pinacol) 
which  is  the  product  of  the  aldol  condensation  of  benzil  with  urea  [4]. 


Since  diphenyleneiminohydantoin  is  absent  from  the  products  of  interaction  of  phenanthrenequinone  with 
guanidine,  the  stability  of  the  dihydroxyphenanthrenequinoneguanyl  is  evident.  Therefore,  the  interaction  of  phen¬ 
anthrenequinone  with  guanidine  apparently  proceeds  simultaneously  in  two  directions  according  toithe  scheme; 
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substances  remaining  after  separation  of  the  phenanthrenequinonediguanyl  was  boiled  down  to  remove  the  alcohol. 
The  residue  was  filtered  off,  washed  with  water  to  remove  unreacted  guanidine,  and  dried;  5  g  of  the  pulverized  sub¬ 
stance  was  treated  with  100  ml  of  hot  2-3'Vo  hydrochloric  acid  solution  and  filtered.  Concentrated  hydrochloric  acid 
was  added  to  the  filtrate  with  cooling.  The  sediment  was  washed  with  water  to  remove  contaminating  diguanyl 
hydrochloride,  and  dried  The  resulting  light-yellow  crystals  were  subjected  to  chlorination.  This  was  carried  out 
in  a  stirrer-equipped  flask,  charging  3  g  of  the  prepared  substance,  75  ml  of  water,  15  g  of  calcium  carbonate,  and 
1.5  liters  of  dichloroethane.  The  mixture  was  cooled  to  5-10°,  and  a  strong  flow  of  chlorine  was  passed  into  it  for 
1  hr  with  stining.  At  the  end  of  the  chlorine  passage,  stirring  was  continued  until  the  contents  of  the  flask  reached 
a  temperature  of  20-25°.  After  distilling  off  the  dichloroethane  to  a  small  volume,  a  red  crystalline  sediment  pre¬ 
cipitated  from  the  mixture;  this  was  filtered  off,  washed  with  carbon  tetrachloride,  and  air-dried.  The  resulting  sub¬ 
stance  (in)  contained  57.6*70  active  chlorine  (calculated  for  N,N',N”-trichlorodihydroxyphenanthrenequinoneguanyl, 
57.4*70). 

Then  the  N,N',N”-trichloro  derivative  (III)  was  dissolved  in  dichloroethane  and  dechlorinated  by  means  of 
stirring  with  an  aqueous  solution  of  sodium  bisulfite,  acidified  with  hydrochloric  acid.  The  sediment,  the  hydrochlor¬ 
ide  of  dihydroxyphenanthrenequinoneguanyl  (I)  was  filtered  off,  washed  with  water,  and  dried  at  70°.  Decomp.  temp. 
210-215°. 

Found  *7o:  C  60.75,  60.05;  H  4.60,  4.90;  N  12.74,  13.03;  Cl  5.68,  5.37.  CisHiaOzNj- V2  HCl.  Calculated  *7o; 

C  59.36;  H  5.14;  N  13.83;  Cl  5.85. 

On  treatment  of  the  guanyl  (I)  with  hydrochloric  acid,  the  substance  (II)  was  obtained;  this  compound  did  not 
contain  oxygen,  i.e.,  the  hydroxyl  group  was  replaced  by  chlorine;  5  g  of  pulverized  dihydrophenanthrenequinone- 
guanyl  (I)  was  treated  with  100  ml  of  hot  5*7o  hydrochloric  acid  and  filtered.  Concentrated  hydrochloric  acid  (10  ml) 
was  added  to  the  filtrate,  and  the  sediment  was  filtered  off  and  dried  at  70°.  M.P.  315-320°  (decomp.). 
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Found  <70;  C  62.63,  62.14;  H  5.04,  5.60;  N  12.92,  13.11;  Cl  20.90,  20.49.  CuHuNjCl,.*  Calculated  % 
C  59.19;  H  3.70;  N  13.80;  Cl  23.31. 


SUMMARY 

1.  A  study  has  been  made  of  the  condensation  reaction  of  phenanthrenequinone  with  guanidine.  It  has  been 
established  that,  along  with  phenanthrenequinonediguanyl,  dihydroxyphenanthrenequinoneguanyl  is  also  formed. 

2.  A  mechanism  has  been  proposed  for  the  process  of  the  condensation  of  phenanthrenequinone  with 
guanidine. 
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•The  deviation  of  the  results  of  analysis  from  the  calculated  values  apparently  is  connected  with  insufficient  purity 
of  the  substance  obtained. 
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The  hydrogenated  napthalene  system  with  methyl  groups  in  positions  5  and  9  forms  the  basis  of  a  number  of 
sesquiterpenes,  such  as  cyf)erone,  carissone,  santonin,  and  related  substances  [1].  As  was  shown  recently,  an  analogous 
system  of  rings  A  and  B  is  characteristic  for-cycloeucalenol  [2]  and  plant  sterols  of  the  type  of  lophenol  [3]  and  citro- 
stadienol  [4]. 

As  a  possible  starting  material  for  the  sterically  directed  synthesis  of  polycyclic  compounds  related  to  such 
terpenoids,  5,9-dimethyl-A®-l,6-diketooctalin  (I)  is  of  definite  interest.  In  the  present  work  the  synthesis  of  this 
diketone  has  been  accomplished  and  its  reduction  has  been  studied  in  detail,  which  has  made  it  possible  not  only  to 
establish  the  configuration  of  the  products  thereby  formed,  but  also  to  observe  a  number  of  stereochemical  peculiari¬ 
ties  which  are  characteristic  of  this  system.  We  prepared  5,9-dimethyl- A®-l,6-diketooctalin  (I)  by  condensation  of 
methyldihydroresorcinol  with  ethyl  vinyl  ketone,  with  subsequent  cyclization  of  the  intermediate  triketone  by  a 
method  published  previously  [5], 

In  spite  of  the  presence  of  the  methyl  group  at  Cs,  the  reduction  of  the  double  bond  in  the  diketooctalin  (I) 
takes  place  the  same  as  in  the  previously  studied  9-methyl-A®-l,6-diketooctalin  [6].  It  was  found  that  reduction  of 
the  diketone  (I)  by  lithium  in  liquid  ammonia  gives  only  one  crystalline  diketodecalin  (II),  which  in  conformity  to 
its  method  of  preparation  should  possess  trans- linking  of  the  rings  and  have  an  equatorial  methyl  group  at  C5.  The 
catalytic  hydrogenation  of  the  diketooctalin  (I)  in  the  presence  of  20*Vo  palladium  on  strontium  carbonate  also  takes 
place  stereoselectively.  In  this  case,  owing  to  the  1,4-cis-addition  of  hydrogen  (through  the  intermediate  enol  form), 
the  isomer  (III)  is  formed,  which  also  has  the  equatorial  methyl  group,  but  possesses  cis-linking  of  the  rings. 


Both  isomeric  5,9-dimethyl-l,6-diketodecalins  (II)  and  (III)  were  found  to  be  incapable  of  conversion  under 
enolization  conditions,  and  hence  actually  possess  the  energetically  more  favorable  equatorial  location  of  the  methyl 
groups  at  C5  and  differ  only  by  the  cis-  or  trans-linking  of  the  rings. 
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In  contrast  to  the  stereoselective  reduction  of  the  double  bond  in  the  diketooctalin  (I),  reduction  of  the  keto 
groups  by  sodium  borohydride  takes  place  nonstereospecifically  and  leads  to  the  two  isomeric  5,9-dimethyl-A®-l,6- 
-dihydroxyoctalins  (IV)  and  (V),  which  were  separated  successfully  by  crystallization.  Utilizing  the  selectivity  of 
oxidation  of  the  allylic  hydroxyl  group  by  manganese  dioxide  and  N*bromacetamide,  we  showed  that  these  isomers 
differ  from  each  other  only  in  the  configuration  of  the  hydroxyl  at  C^,  since  on  such  oxidation  they  both  gave  one  and 
the  same  l-hydroxy-5,9-dimethyl- A®-6-ketooctalin  (VI),  containing  a  keto  group  conjugated  with  the  double  bond. 
Reduction  of  the  ketol  (VI)  with  sodium  borohydride  also  leads  to  a  mixture  of  the  diols  (IV)  and  (V).  The  incapabil¬ 
ity  of  the  diol  (V)  for  oxidation  by  manganese  dioxide  and  the  ease  of  its  oxidation  by  N-bromoacetamide  permits 
assuming  that  this  isomer  contains  an  axial  hydroxyl  group  at  Cg  [7].  Correspondingly,  the  diol  (IV),  which  is  formed 
in  predominant  quantity,  should  have  an  equatorial  position  of  the  hydroxyl  at  Cg;  indeed,  it  was  found  capable  of 
oxidation  by  manganese  dioxide,  which  gives  preferential  oxidation  of  equatorial  hydroxyl  groups  [8].  It  should  be 
noted  that  the  presence  of  the  methyl  group  at  C5  strongly  retards  this  oxidation  [9]. 


In  both  isomeric  diols  (IV)  and  (V)  the  hydroxyl  group  at  Cj  apparently  has  the  energetically  more  favorable 
equatorial  position,  as  does  also  the  corresponding  diol  without  the  methyl  group  at  C5. 

We  discovered  an  interesting  relationship  on  reduction  of  the  A®  double  bond  in  the  ketol  (VI).  In  contrast  to 
the  diketone  (I),  this  product  both  on  reduction  with  lithium  in  liquid  ammonia  and  on  catalytic  hydrogenation  with 
palladium  on  strontium  carbonate  forms  one  and  the  same  saturated  ketol  (VII),  which  on  further  reduction  with  so¬ 
dium  borohydride  gives  the  corresponding  diol  (VIII).  It  was  found  that  on  oxidation  of  the  ketol  (VII)  with  chromic 
anhydride  the  diketone  (II)  is  formed;  this  diketone,  as  was  shown  above,  possesses  trans-linking  of  the  rings  and  an 
equatorial  position  of  the  methyl  group  at  C5.  This  fact  shows  that  catalytic  hydrogenation  of  the  unsaturated  ketol 
(VI)  leads  to  trans-linked  rings.  As  is  evident  from  the  molecular  models,  this  can  occur  only  in  the  event  that  cis- 
addition  of  hydrogen  to  the  ketol  (VI)  (in  contrast  to  the  diketone  (I))  takes  place  from  the  direction  opposite  to  the 
angular  methyl  group. 


A  no  less  interesting  relationship  was  noted  also  in  the  case  of  catalytic  hydrogena*^'on  of  the  isomeric  octalin- 
diols(IV)  and  (V).  As  is  well  known,  the  catalytic  hydrogenation  of  3-hydroxy- A*-steroids  is  accompanied  by  partial 
hydrogenolysis  of  the  allylic  hydroxyl  group,  the  resulting  hydrogenolysis  products  having  trans- linking  of  the  A/B 
rings  in  the  case  of  3  B  -hydroxy  compounds  [10, 11].  It  can  be  assumed  that  hydrogen;  t'on  of  the  diols  (IV)  and  (V) 
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should  also  be  accompanied  by  hydrogenolysis,  and  this  indeed  occurs.  Owing  to  the  presence  of  the  completely 
substituted  double  bond,  the  hydrogenolysis  was  found  in  this  case  to  be  the  principal  reaction,  and  the  normal  hydro¬ 
genation  products  (saturated  diols)  were  formed  only  in  insignificant  quantity.  On  platinic  oxide  hydrogenation  of 
the  diol  (IV),  which  has  an  equatorial  hydroxyl  group  at  Cg,  about  1.6  moles  of  hydrogen  is  absorbed,  and  after 
chromatography  on  aluminum  oxide  the  individual  crystalline  decalol  (IX)  is  isolated  successfully  with  a  yield  above 
50'Vo;  oxidation  of  (IX)  gave  the  corresponding  decalone  (X),  characterized  by  the  2,4-dinitrophenylhydrazone  and  the 
oxime. 


In  conformance  with  the  known  relationships  for  3  6 -hydroxy- A^-steroids,  and  with  the  fact  established  for  the 
ketol  (VI)  of  addition  of  hydrogen  from  the  direction  opposite  to  the  angular  methyl  group,  it  can  be  considered  that 
the  decalol  (IX)  possesses  trans-linking  of  the  rings  and  cis- position  of  the  methyl  groups  at  C5  and  C9. 

The  catalytic  hydrogenation  of  the  isomeric  diol  (V)  is  also  accompanied  by  a  significant  degree  of  hydrogenol¬ 
ysis;  however,  in  this  case  the  reaction  proceeds  less  stereospecifically.  Along  with  a  small  quantity  of  the  saturated 
diol  (XI),  there  is  formed  a  liquid  mixture  of  the  decalol  (IX)  and  its  isomer  (XII),  from  which  after  oxidation  there 
was  recovered  a  mixture  of  the  decalones  (X)  and  (XIII),  separated  in  the  form  of  their  2,4-dinitrophenylhydrazones. 
This  fact  shows  that  in  the  process  of  hydrogenolysis  of  the  diol  (V)  cis- addition  of  hydrogen  at  the  double  bond  can 
be  accomplished  from  both  possible  directions,  and  hence  the  decalol  (XII)  should  have  cis-linking  of  the  rings  and 
trans- position  of  the  methyl  groups. 

The  third  isomeric  decalol  (XIV)  was  obtained  by  a  Kishner  reduction  of  the  ketol  (Vn).  In  accordance  with 
the  method  of  its  preparation  the  decalol  (XIV)  has  trans-linking  of  the  rings  and  trans- position  of  the  methyl  groups. 
The  decalone  (XV)  obtained  from  this  decalol  did  not  coincide,  according  to  its  crystalline  derivatives,  with  the 
above -described  isomeric  decalones  (X)  and  (Xin),  which  is  indirect  evidence  of  the  correctness  of  the  configuration 
ascribed  to  it. 


EXPERIMENTA  L 

Preparation  of  5 , 9  -  Dim  ethy  1- -  1 , 6  -  oc  ta  lind  ione  (I).  To  a  mixture  of  30  g  of  methyl- 
dihydroresorcinol  and  a  solution  of  0.6  g  p>otassium  hydroxide  in  50  ml  methanol,  there  was  added  with  stirring  33  g 
of  freshly  prepared  ethyl  vinyl  ketone  (np  1.4193)  [12,13].  Stirring  was  carried  out  for  6  hr  at  a  bath  temperature 
of  60-70*.  Then  the  methanol  was  distilled  off,  25  ml  of  water  was  added,  and  the  triketone  was  extracted  with 
chloroform.  After  distilling  off  the  solvent,  3  g  of  piperidine  phosphate  was  added  to  the  crude  triketone  (n^  1.4873), 
and  the  mixture  was  heated  under  vacuum  on  a  steam  bath.  To  complete  the  cyclization,  the  catalyst  was  added 
periodically  every  4-5  hr  of  heating.  A  total  of  about  10  g  of  piperidine  phosphate  was  added,  and  the  cyclization 
was  practically  complete  after  12  hr  (n^  1.5310).  A  20-ml  quantity  of  water  was  added  to  the  reaction  mass,  the 
cyclization  product  was  extracted  with  benzene,  washed  with  sodium  bicarbonate  solution  to  neutral  reaction  and 
then  with  water,  and  the  benzene  was  distilled  off.  After  vacuum  distillation,  38  g  of  an  oil  was  obtained  with  b.p. 
145-150“  (3  mm):  this  oil  gradually  crystallized.  The  crystalline  product  (23.5  g)  was  recovered  by  filtration  and 
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dissolved  in  ether  for  further  purification.  A  1.5-g  quantity  of  crystals  vras  filtered  off;  m.p.  206-207*  (from  acetone); 
found  “Vo:  C  66.66,  66.63;  H  8.15,  8.14.  The  product  was  not  subjected  to  further  investigation. 

After  distilling  off  the  ether,  22  g  of  the  octalindione  (I)  was  obtained  with  m.p.  45-46*  (from  ether),  X^iax 
252.5  m/i,  log  6  4.100.* 

Found  %  C  75.00,  75.13;  H  8.41,  8.52.  CizH^Oj.  Calculated  <70;  C  74.90;  H  8.39. 

On  the  action  of  2  equivs.  of  2,4-dinitrophenylhydrazine  on  the  diketone  (I),  a  mixture  of  2,4-dinitrophenyl- 
hydrazones  was  obtained,  from  which  the  bis-2,4-dinitrophenylhydrazone.was  isolated  with  m.p.  244.5-245*  (from 
ethyl  acetate),  Xpiax 

Found  io:  C  52.17,  52.10;  H  4.45,  4.45.  Ca4Ha408N8.  Calculated  “Tb;  C  52.17;  H  4.45. 

The  oil  remaining  after  recovery  of  the  diketone  (I)  can  be  subjected  to  repeated  cyclization,  as  a  result  of 
which  an  additional  5-7  g  of  the  diketooctalin  (I)  is  obtained  successfully. 

trans-5,9-Dimethyl-l,6-decalindione  (II).  A  solution  of  2  g  of  the  diketooctalin  (I)  in  15  ml 
ether  was  added  to  a  solution  of  0.55  g  lithium  in  100  ml  liquid  ammonia.  Stirring  was  carried  out  for  30  min.  Then 
ammonium  chloride  was  added  until  the  reaction  mass  was  decolorized;  after  boiling  off  the  ammonia,  water  was 
added  and  the  reaction  product  extracted  with  ether.  After  distilling  off  the  ether,  the  resulting  oil  was  chromato¬ 
graphed  on  aluminum  oxide.  From  the  benzene  fraction  440  mg  of  the  trans-diketooctalin  (II)  was  recovered  with 
m.p.  76-77“  (from  acetone). 

Found  7o;  C  73.99,  74.14;  H  9.33,  9.29.  CizH^O^  Calculated  C  74.19;  H  9.34. 

bis-2,4-Dinitrophenylhydrazone  —  light-orange  crystals  with  m.p.  240-241*  (purified  by  boiling  in  ethyl  ace¬ 
tate),  362.5  m/i. 

Found  7o:  C  51.99,  52.16;  11  4.82,  4.73.  C24Ha608N8.  Calculated  7o:  C  51.98;  H  4.73. 

cis-5, 9  - Dim  ethyl-1, 6-decalindione  (III).  A  solution  of  1  g  of  the  diketone  (I)  in  20  ml  of 
methanol  was  hydrogenated  in  the  presence  of  0.25  g  of  20%  palladium  on  strontium  carbonate  [14].  The  catalyst 
was  presaturated  with  hydrogen.  About  140  ml  of  hydrogen  was  absorbed  in  the  hydrogenation.  After  distilling  off 
the  solvent,  a  crystalline  hydrogenation  product  was  obtained,  from  which  (by  crystallization  from  ether  and  chroma¬ 
tography  of  the  mother  liquors)  there  was  recovered  0.75  g  of  the  pure  cis-decalindione  (III)  with  m.p.  96-97*. 

Found  C  74.10,  74.03;  H  9.08,  9.19.  CjzHigOa.  Calculated  70:  C  74.19;  H  9.34. 

bis-2,4-Dinitrophenylhydrazone  —  yellow  crystals  with  m.p.  245-246“  (from  ethyl  acetate),  Xp^^jj  365  m/i. 

Found  7o:  C  52.22;  H  5.11;  N  20.06,  19.94.  C24H26O8N8.  Calculated  %.  C  51.98;  H  4.73;  N  20.25. 

A  mixed  sample  with  the  bis-2,4-dinitrophenylhydrazone  of  the  transisomer  melted  at  237-238“. 

5 ,9  -  D  i  me  thy  1  -  -  1 , 6  -  PC  t  a  lind  io  Is  (IV)  and  (V).  To  an  ice-water-cooled  solution  of  9.7  g 

of  the  octalindione  (1)  in  240  ml  of  95 7o  alcohol,  2.6  g  of  sodium  borohydride  (857o  NaBH^)  was  added  over  2  hr  with 
vigorous  stirring,  and  stirring  was  continued  4  hr  longer.  The  following  day  several  drops  of  acetic  acid  were  added, 
and  the  solvent  was  completely  removed  by  vacuum  distillation.  Water  (150  ml)  was  added  to  the  residue,  and  on  the 
following  day  8.9  g  of  a  mixture  of  diols  was  filtered  off;  m.p.  145-146“.  Fractional  crystallization  of  this  mixture 
from  alcohol  and  acetone  gave  a  recovery  of  0.35  g  of  the  diol  (V)  with  m.p.  210-211“,  v  1000,  1031,  1051,  1075 
cm"^. 

Found  C  73.45,  73.57;  H  10.31,  10.30.  C12H20O2.  Calculated  7o:  C  73.42;  H  10.27. 

'Ilic  crystalline  product  remaining  after  removal  of  the  diol  (V)  represents  principally  the  diol  (IV),  which  can 
be  isolated  in  the  pure  form  by  multiple  crystallization  from  acetone,  and  has  m.p.  152-153“,  v  1007,  1054,  1071 
cm 

Found  7o:  C  73.18,  73.19;  H  10.41,  10.32.  C12H20O2.  Calculated  7o:  C  73.42;  H  10.27. 


•Spectra  of  all  compounds  described  were  taken  by  T.  M.  Fadeeva.  Alcohol  was  used  as  solvent  for  the  UV  spectra. 
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5,9-Dimethyl- 1-hydroxy- A®-6-octalone  (VI).  a)  A  solution  of  2.2  g  of  the  diol  (IV)  in  55  ml 
of  dry  chloroform  was  shaken  for  42.5  hr  with  9.5  g  of  manganese  dioxide.  Then  the  sediment  was  filtered  off  and 
washed  thoroughly  with  chloroform.  After  distilling  off  the  solvent,  2  g  of  an  oil  was  obtained  subjected  to  chroma¬ 
tography  on  aluminum  oxide.  On  washing  with  benzene  there  was  obtained  1.2  g  of  the  crystalline  keto-alcohol 
(VI)  with  m.p.  73-74*  (from  ether),  v  (in  chloroform)  1009,  1027,  1055,  1077  cm"^. 

Found  %  C  74.34,  74.47;  H  9.55,  9.42.  CizHigOz.  Calculated  %  C  74.19;  H  9.34. 

The  2,4-dinitrophenylhydrazone  obtained  from  (VI)  (red  color)  had  m.p.  216-217*  (from  ethyl  acetate), 

389  mp. 

Found  <70;  c  57.83,  57.91;  H  6.05,  5.90;  N  15.00,  15.05.  Ci8H2205N4.  Calculated 'Vo;  C  57.74;  H  5.82;  N  14.97. 

On  conducting  the  experiment  for  25  hr,  a  considerable  portion  of  the  diol  (IV)  was  recovered  unchanged.  The 
isomeric  diol  (V)  was  not  oxidized  on  shaking  with  manganese  dioxide  for  45  hr. 

b)  The  diol  (V)  (0.46  g),  bromacetamide  (0.42  g),  and  1 : 1  benzene— pyridine  mixture  (8  ml)  were  stirred  at 
room  temperature  in  the  dark  for  4  hr  and  allowed  to  stand  overnight.  Twenty  ml  of  ether  was  added  to  the  reaction 
mixture,  and  the  reaction  product  was  washed  with  lO'Yo  sodium  bisulfite  solution,  alkali  solution,  water,  dilute  sul¬ 
furic  acid,  and  again  with  water.  After  drying  with  sodium  sulfate  and  distilling  off  the  solvent,  the  resulting  product 
was  chromatographed  on  aluminum  oxide.  From  the  ether  and  chloroform  fractions  there  was  recovered  260  mg  of 
the  keto-alcohol  (VI)  with  m.p.  71-72*;  this  sample  did  not  give  any  melting  point  depression  with  the  sample  ob¬ 
tained  above.  From  the  acetone  fraction,  70  mg  of  the  original  diol  (V)  was  recovered. 

trans-5, 9-Dimethyl  -  l-hydroxy-6-decalone  (VII).  a)  To  a  solution  of  0.5  g  lithium  in  200 
ml  liquid  ammonia,  a  solution  of  4.3  g  of  the  keto-alcohol  (VI)  in  50  ml  absolute  ether  was  added  with  stirring.  In 
10  min  the  solution  was  decolorized.  Another  0.15  g  of  lithium  was  added,  and  in  15  min  ammonium  chloride  was 
added  until  decolor ization  occurred.  After  boiling  off  the  ammonia,  water  was  added,  and  the  reaction  product  was 
extracted  with  ether.  After  distilling  off  the  ether,  3.84  g  of  oil  was  obtained;  this  crystallized  completely  on  the 
addition  of  benzene. 

The  keto-alcohol  (VII)  melted  at  82-83°  (from  ether);  v  (in  CHCI3)  1024,  1053  cm"^. 

Found‘d:  C  73.27,  73.35;  H  9.82,  10.10.  C12H20O2.  Calculated ‘^o;  C  73.42;  H  10.27. 

2,4-Dinitrophenylhydrazone  —  orange  crystals  with  m.p.  206-207*  (from  dioxane  — alcohol  mixture), 

370  mp. 

Found  %  N  14.99,  15.07.  C20H22O5N4.  Calculated  ‘7o;  N14.89. 

b)  A  solution  of  0.93  g  of  the  keto-alcohol  (VI)  in  20  ml  of  methanol  was  hydrogenated  in  the  presence  of  0.25 
g  of  20*^  palladium  on  strontium  carbonate.  About  100  ml  of  hydrogen  was  absorbed.  From  the  ether  and  chloroform 
fractions  of  aluminum  oxide  chromatography  there  was  obtained  0.5  g  of  the  trans-hydroxydecalone  (VII),  which  after 
crystallization  melted  at  81-82*  and  did  not  give  any  melting  point  depression  with  the  sample  obtained  above. 

From  the  acetone  fraction,  70  mg  of  5,9-dimethyl-l,6-decalindiol  (Vni)  was  obtained  with  m.p.  143-144° 

(from  ether),  v  (in  CHCI3)  1009,  1031,  1072  cm‘\ 

Found‘d:  C  72.57,  72.42;  H  11.21,  11.11.  C12H22O2.  Calculated  <7o;  C  72.68;  H  11.18. 

Oxidation  of  the  trans- Hydroxydecalone  (VII).  A  0.2-g  quantity  of  the  trans-hydroxydecalone 
(Vn)  was  oxidized  by  0.11  g  of  chromic  anhydride  in  acetic  acid  solution.  The  oil  which  was  obtained  after  the  usual 
treatment  was  purified  by  filtering  it  in  ether  solution  through  aluminum  oxide.  Obtained  0.1  g  of  the  trans-diketo- 
decalin(II)  with  m.p.  75-76°,  giving  no  depression  of  melting  point  with  a  known  sample. 

Reduction  of  the  trans- Hydroxydeca  lone  (VII).  A  0.25-g  quantity  of  the  keto-alcohol  (VII) 
in  17  ml  of  95*^  alcohol  was  reduced  with  100  mg  of  sodium  borohydride  according  to  the  method  described  above. 
After  chromatography,  there  was  obtained  from  the  acetone  fraction  0.2  g  of  crystals  with  m.p.  141-142°.  A  mixed 
sample  with  the  diol  (VM)  obtained  above  did  not  give  any  melting-point  depression. 

Hydiogenolysis  of  5 ,9  -  Dime  thy  1  -  A^- 1 , 6  -  oc  ta  lind  iol  (IV).  A  suspension  of  2.06  g  of  the 
diol  (IV),  with  m.p.  152-153°,  in  25  ml  of  acetic  acid  was  hydrogenated  exhaustively  with  platinic  oxide,  the  catal¬ 
yst  being  added  several  times.  There  was  absorbed  slowly  443  ml  of  hydrogen,  and  the  hydrogenation  stopped  (for 
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samration  of  one  double  bond,  280  ml  of  hydrogen  is  required).  The  resulting  oil  was  chromatographed  on  aluminum 
oxide.  Washing  with  benzene  and  ether  gave  1.6  g  of  an  oil  which  crystallized  on  standing.  There  was  recovered 
0.85  g  of  the  decalol  (IX)  with  m.p.  52-53“,  V  (from  ether)  (in  CHCI3)  1002,  1021,  1054  cm"^. 

Found‘d:  C  78.55,  78.60;  H  12.10,  12.02.  C12H22O.  Calculated‘S:  C  79.06;  H  12.16. 

On  washing  the  residue  with  chloroform,  a  small  quantity  of  the  diol  (Vni)  was  recovered,  with  m.p.  143.144*. 

5,9- Dimethyldeca  lone  (X).  A  0.5-g  quantity  of  the  decalol  (IX)  was  oxidized  with  0.18  g  of  chromic 
anhydride  in  a  mixure  of  acetic  acid  and  water.  The  decalone  (X)  was  obtained  in  the  form  of  an  oil.  Its  2,4-dinitro- 
phenylhydrazone  had  m.p.  170-171“  (from  ethyl  acetate). 

Found *70:  N  14.87,  14.99.  C18H24O4N4.  Calculated'S:  N  15.55. 

The  oxime  obtained  from  the  decalone  (X)  melted  at  161-162“  (from  alcohol). 

Found  <70;  N  7.13,  7.35.  C12H21ON.  Calculated  <70:  N  7.17. 

Hydrogenolysis  of  5,9- Dimethyl- A^- 1,6-octalindiol  (V).  A  1.28-g  quantity  of  the  diol  (V), 
with  m.p.  210-211“,  was  exhaustively  hydrogenated  in  the  presence  of  platinic  oxide  in  a  solution  of  20  ml  of  acetic 
acid.  The  hydrogenation  stopped  after  absorption  of  235  ml  of  hydrogen,  in  spite  of  the  addition  of  a  fresh  portion  of 
catalyst.  The  resulting  oil  was  chromatographed  on  aluminum  oxide.  From  the  fractions  washed  out  with  benzene- 
hexane  mixture,  0.9  g  of  mixed  decalols  (IX)  and  (XII)  was  obtained  in  the  form  of  an  oil,  which  was  then  oxidized. 
From  the  fractions  washed  out  with  chloroform  and  acetone,  150  mg  of  an  oil  was  obtained;  this  crystallized  on  treat¬ 
ment  with  ether.  The  diol  (XI)  melted  at  172-173“  (from  acetone). 

Found  <70:  C  72.66,  72.85;  H  10.80,  10.81.  C12H22O2.  Calculated '7o;  C  72.68;  H  11.18. 

A  0.9-g  quantity  of  the  oil  obtained  above  was  oxidized  with  0.57  g  of  chromic  anhydride  in  acetic  acid. 

After  the  usual  treatment,  an  oil  was  recovered,  from  0.2  g  of  which  there  was  obtained  a  mixture  of  2,4-dinitrophenyl- 
hydrazones  witli  m.p.  140-145“.  By  chromatography  and  crystallization  of  this  mixture  from  ethyl  acetate,  the 
2,4-dinitrophcnylhydrazone  of  the  decalone  (X)  was  recovered  with  m.p.  168-169“,  giving  no  melting-point  depression 
with  the  sample  obtained  above,  and  the  2,4-dinitrophenylhydrazone  of  the  decalone  (XII)  with  m.p.  175-176“. 

Found ‘7o:  N  14.87.  Ci8H24- ;4N4.  Calculated ‘7o:  N  15.55. 

A  mixed  sample  of  these  dinitrophenylhydrazones  melted  at  150-154“. 

A  mixture  of  the  oximes  was  obtained  from  0.4  g  of  the  oxidation  product  by  the  usual  method.  Crystalliza¬ 
tion  from  alcohol  gave  0.25  g  of  the  oxime  of  the  decalone  (X)  with  m.p.  160-161,  giving  no  melting-point  de¬ 
pression  with  a  known  sample,  and  a  dioxime  with  m.p.  240“  (decomp.). 

Found ‘7o:  C  64.32;  H  8.27.  C12H20O2N2.  Calculated*^:  C  64.25;  H  8.99. 

This  dioxime  is  a  derivative  of  the  diketone,  which  can  be  formed  on  oxidation  of  the  diol  (present  as  a  con¬ 
taminant). 

Judging  by  the  quantity  of  oxime  recovered  and  the  ratio  of  the  2,4-dinitrophenylhydrazones,  it  can  be  con¬ 
sidered  that  the  mixture  of  ketones  which  was  obtained  contained  more  than  50*70  of  the  decalone  ( X). 

tr  a  ns  -  5 ,9  -  Dime  thy  Idee  a  lol  (XIV).  A  solution  of  1.88  g  of  the  hydroxydecalone  (VII)  in  45  ml  of 
diethylene  glycol  was  heated  1  hr  with  6  ml  of  hydrazine  hydrate  at  120“.  The  solution  was  cooled  to  40“  and  3  g 
of  potassium  hydroxide  was  added,  after  which  the  mixture  was  heated  gradually  to  210“  (bath  temperature),  with  a 
gradual  removal  of  water  and  excess  hydr^izine  hydrate  by  distillation.  After  boiling  the  solution  for  5  hr  with  a  re¬ 
flux  condenser  (bath  temperature  up  to  215“),  an  equal  volume  of  water  was  added,  and  the  crystals  which  separated 
were  filtered  off.  Obtained  1.6  g  of  the  decalol  (XIV)  with  m.p.  75-76“  from  ether— hexane  mixture;  v  (in  CHCI3) 
1027,  1052  cm"^ 

Found  *70:  C  78.52;  H  11.90.  C12H22O.  Calculated  %  C  79.06;  H  12.16. 

tr  ans  -  5 ,9  -  Dim  ethy  Idee  a  lone  (XV).  A  0.5-g  quantity  of  the  decalol  (XIV)  was  oxidized  with  0.2  g 
of  chromic  anhydride  in  a  mixture  of  acetic  acid  and  water.  After  the  usual  treatment,  the  decalone  (XV)  was  ob¬ 
tained  in  the  form  of  an  oil.  Its  2,4-dinitrophenylhydrazone  is  light-colored,  with  m.p.  152-153“  (from  ethyl 
acetate). 
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Found  %  N  15.78,  15.54.  Ci8Ha404N4.  Calculated  N  15.55. 

The  oxime  of  the  decalone  (XV)  had  m.p.  130-131*  (from  alcohol). 

Found  %  N  7.39,  743.  C12H21ON.  Calculated  N  7.17. 

SUMMARY 

1.  The  synthesis  of  5,9-dimethyl- A®-l,6-diketooctalin  has  been  accomplished,  and  a  study  has  been  made 
of  the  stereochemistry  of  its  catalytic  hydrogenation  and  reduction  by  lithium  in  liquid  ammonia  and  by  sodium 
borohydride. 

2.  The  steric  direction  of  the  double  bond  reduction  in  5,9-dimethyl-l-hydroxy-A®-6-octalone  has  been 
studied. 

3.  The  hydrogenolysis  of  the  stereoisomeric  5,9-dimethyl- A®- 1,6-octalindiols  has  been  studied,  and  the 
synthesis  of  the  stereoisomeric  5,9-dimethyl-trans-decalone-l  (two  isomers)  and  5,9-dimethyl-cis-decalone-l  has 
been  accomplished. 
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As  was  shown  in  a  previous  communication  [1],  the  steric  direction  of  the  catalytic  hydrogenation  and  reduc¬ 
tion  of  5,9-dimethyl-A®-l,6-diketooctalin  (I)  and  its  derivatives  depends  to  a  considerable  extent  on  the  structure 
and  configuration  of  the  starting  materials. 

It  seemed  interesting  to  prepare  5,9-dimethyl-l-ethynyl-l-hydroxy-A®-octaIone-6  (II)  and  study  the  same 
reactions  with  it  and  its  derivatives.  The  presence  of  substituents  at  Cj  in  these  compounds  should  affect  the  nature 
of  the  shielding  of  the  molecule.  For  this  purpose,  we  condensed  the  diketooctalin  (I)  with  acetylene  by  the  procedure 
developed  previously  [2];  it  was  established  that  this  reaction  was  stereospecific  and  led  to  only  one  isomeric  acety¬ 
lenic  alcohol  (II),  which  was  also  of  interest  as  an  intermediate  in  the  sterically  directed  synthesis  of  polycyclic  com¬ 
pounds. 


C=CH 


CH, 

(H) 


The  steric  disposition  of  the  substituents  at  Ci  in  the  keto  alcohol  (II)  was  assigned  in  analogy  with  the  5-nor- 
homolog,  which  was  studied  previously  [3].  Selective  hydrogenation  of  die  acetylene  group  in  the  ketol  (II)  in  the 
presence  of  Pd/CaCOs  gave  a  good  yield  of  the  corresponding  vinyl  ketol  (111).  Exhaustive  hydrogenation  of  the 
ethynyloctalone  (II)  under  the  same  conditions  yielded  the  ethyloctalone  (IV). 

A  study  of  the  reduction  of  the  A® -double  bond  in  the  ketols  (II)  and  (III)  with  lithium  in  liquid  ammonia  show 
ed  that  in  contrast  to  the  reduction  of  5,9-dimethyl-A®-l,6-diketooctalin  [1],  which  was  studied  previously,  this 
reaction  is  not  selective  and  is  accompanied  by  partial  reduction  of  the  keto  group. 
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Together  with  the  saturated  ketones  (V)  and  (VII)  which,  in  accordance  with  their  preparation  method,  should 
have  trans-coupling  of  the  rings  and  the  methyl  groups  at  Cs  in  the  equatorial  position,  under  these  conditions  there 
was  also  the  formation  of  a  considerable  amount  of  the  corresponding  saturated  diols  (VI)  and  (Vlll)  with  equatorial 
hydroxyl  groups  at  Cg.  The  fact  that  compounds  (V-Vin)  belonged  to  the  same  steric  series  was  demonstrated  by  the 
preparation  of  the  diols  (VI)  and  (VIII)  by  the  reduction  of  the  ketones  (V)  and  (VII)  with  sodium  borohydride  and 
catalytic  hydrogenation  of  the  diols  (VI)  and  (VIII)  to  the  common  ethyl  derivative  (IX). 

It  could  be  assumed  that  due  to  the  presence  of  substituents  at  Ci,  the  catalytic  hydrogenation  of  the  double 
bond  in  5,9-dimethyl-l -ethyl-1 -hydroxy- A® -octalone-6  (IV)  would  not  be  sterically  specific  and  as  a  result  of  1,4- 
addition  of  hydrogen  from  bofri  sides  of  the  plane  of  the  molecule,  would  lead  to  isomeric  saturated  ketols  with 
equattnrial  methyl  groups  at  C5,  differing  only  in  the  nature  of  the  ring  coupling  [1].  It  was  found  that  hydrogena¬ 
tion  of  the  ketol  (IV)  over  palladium  on  strontium  carbonate  [4]  actually  gave  two  isomers  (IX)  and  (X),  which  were 
formed  in  a  ratio  of  approximately  4  : 1. 


(vio 


C,H 


•  OH 


(e)H0  7  ^ 

(e)CHj 
(XI) 


NaBH4 


The  isomeric  ketol  (IX),  which  was  formed  in  the  greatest  amount,  had  trans -coupling  of  the  rings  as  it  was 
also  obtained  by  catalytic  hydrogenation  of  the  vinyl  ketol  (VII),  whose  configuration  was  definite.  Additional  con- 
frrmation  of  this  conclusion  was  provided  by  the  fact  that  reduction  of  the  keto  group  of  the  ketol  (IX)  widi  sodium 
borohydride  gave  the  saturated  diol  (XI),  which,  in  its  turn,  was  obtained  by  catalytic  hydrogenation  of  the  ethynyl 
diol  (VI)  and  vinyl  diol  (Vni)  described  above.  This  predominant  formation  of  die  product  with  trans-coupling  of 
the  rings  during  catalytic  hydrogenation  of  a  system  of  type  (IV)  is  analogous  to  that  we  observed  previously  [1]  and 
has  also  been  repeated  for  a-cyperone  [5]  and  l,10-dimethyl-2-ketooctalin  [6].  The  resistance  of  the  ketol  (X)  to 
isomeric  conversions  under  enolization  conditions  indicates  that  it  has  the  only  configuration  possible  for  it  with 
cis-coupling  of  the  rings  and  the  methyl  group  at  C5  in  the  equatorial  position. 

In  contrast  to  the  case  of  5,9-dimethyl-A®-octalindione-l,6  and  5,9-dimethyl-A®-l-hydroxydecalin-6  [1], 
the  reduction  of  the  keto  group  in  ketols  (H)  and  (IV)  with  sodium  bwohydride  proceeded  strictly  selectively  and 
led  to  only  one  diol  in  each  case,  namely,  (XII)  and  (XIV).  After  the  reduction  of  die  vinyl  ketol  (HI)  in  analogous 
conditions,  it  was  possible  to  isolate  a  small  amount  of  the  vinyl  diol  (XIII). 


CH,  CH,  CH, 

ixii)  (xni)  (XIV) 


The  diok  obtained  had  the  same  conhguration  of  the  hydroxyl  group  at  Cg,  which,  in  accordance  with  the 
rules  mentioned  previously,  apparently  had  the  equatorial  position,  which  is  energetically  more  favcxrable  [7]. 
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EXPERIMENTAL 

5.9- Dimethyl-l-ethynyl-l-hy(iroxyA^-octalone-6  (II).  A  suspension  of  16.1  g  of  4,9-diniethyI-A®“Octalin- 
dione-1,6  (I)  in  75  ml  of  absolute  ether  was  added  to  a  solution  of  lithium  acetylide,  obtained  from  1.2  g  of  lithium 
in  200  ml  of  liquid  ammonia,  in  a  continuous  stream  of  acetylene  at  -70*  with  stirring.  Stirring  was  continued  for 

3.5  hr.  The  usual  treatment  yielded  13  g  of  the  acetylenic  keto  alcohol  (H)  with  m.p.  142.5-143*  (from  ethyl  acetate): 
^max  250  mp  (log  €  4.164),  311  mp  (log  €  1.952).* 

Found  1o:  C  77.06,  77.18;  H  8.11,  8.25.  CwHigO^.  Calculated  C  77.02;  H  8.31. 

The  2,4-dinitrophenylhydrazone  obtained  from  it  had  m.p.  189-190*  (from  ethyl  acetate);  Xj^ax 

Found  %  C  60.06,  59.89;  H  5.85,  5.89.  C20H22O5N4.  Calculated  %  C  60.29;  H  5.57. 

5. 9- Dimethy  1-1 -vinyl-1 -hydroxy- A^-octalone-6  (III).  A  2.32-g  sample  of  the  acetylenic  keto  alcohol  (II)  in 

20  ml  of  dioxane  was  hydrogenated  over  5%  palladium  on  calcium  carbonate  until  there  was  no  longer  a  positive  re¬ 
action  with  an  ammonia  solution  of  silver  oxide.  Removal  of  the  solvent  yielded  2  g  of  the  vinyl  ketol  (III)  with 
m.p.  102.5-103.5*  (from  acetone  and  ether);  253  mp  (log  e  4.147),  311  mp  (log  €  1.973). 

Found  I0:  C  76.22,  76.04;  H  9.25,  9.14.  CMHagOi.  Calculated  C  76.29;  H  9.15. 

The  2,4-dinitrophenylhydrazone  of  this  keto  alcohol  formed  red  crystals  with  m.p.  190-191*  (from  ethyl  acetate); 
^max  359.5  mp. 

Found  %  C  59.78,  5970;  H  6.20,  6.26;  N  13.99,  13.90.  C20H24O5N4.  Calculated  C  59.99;  H  6.04;  N  13.98. 

5.9- Dimethyl-l-ethyl-l-hydroxy-A^-octalone-6  (IV).  A  4.2 -g  sample  of  the  acetylenic  keto  alcohol  (II)  in 

45  ml  of  alcohol  was  hydrogenated  exhaustively  in  the  presence  of  Pd  catalyst.  The  nOTmal  treatment  yielded  3.7  g 
of  the  ethyl  keto  alcohol  (IV)  with  m.p.  123-124*  (from  acetone);  ^  ®  4.124),  310.5  mp  (log  € 

1.990). 

Found  %:  C  75.53,  75.46;  H  9.85,  9.85.  C14H22O2.  Calculated  C  75.64;  H  9.97. 

The  2,4-dinitrophenylhydrazone  formed  red  crystals  with  m.p.  194-195*  (from  alcohol);  Xj^^^ 

Found  N  13.87,  14.11.  Q0H26O5N4.  Calculated  %.  N  13.92. 

Reduction  of  ethynyloctalone  (11)  with  lithium  in  liquid  ammonia.  A  suspension  of  2  g  of  the  ketol  (II)  in  ab¬ 
solute  etlier  was  added  to  a  solution  of  0.2  g  of  lithium  in  200  ml  of  liquid  ammonia.  After  0.5  hr,  dry  ammonium 
chloride  was  added  to  the  reaction  mixture  until  the  latter  was  decolorized.  After  evaporation  of  the  ammonia, 
water  was  added  and  the  product  extracted  with  ether.  Removal  of  the  solvent  yielded  an  oil,  which  was  chromato¬ 
graphed.  From  the  fraction  eluted  with  benzene  we  obtained  an  oil,  which  partly  crystallized  gradually.  This  was 
chromatographed  again  and  recrystallized  from  a  mixture  of  ether  and  ligroin  to  yield  250  mg  of  5,9-dimethyl-l- 
ethynyl-l-hydroxydecalone-6  (V)  witli  m.p.  109-110*. 

Found  %.  C  75.95,  75.85;  H  9.23,  9.11.  C14H20O2.  Calculated  C  76.29;  H  9.15. 

The  2,4-dinitrophenylhydrazone  obtained  from  it  was  yellow  and  had  m.p.  197-198*;  X^ax 

Found  N  14.37,  14.39.  C20H24O5N4.  Calculated  °lo:  N  13.98. 

The  fraction  eluted  with  ether  was  recrystallized  from  a  mixture  of  benzene  and  ether  to  yield  320  mg  of  5,9- 
dimethyl-l-ethynyl-A®-  1,6-dihydroxydecalin  (VI)  with  m.p.  151-152*. 

Found  %.  C  75.70,  75.53;  H  9.98,  9.78.  Ci4H2202.  Calculated  I0:  C  75.64;  H  9.97. 

The  diol  (VI)  was  also  obtained  by  reduction  of  the  ketol  (V)  with  sodium  borohydride  by  the  method  de¬ 
scribed  below. 

Reduction  of  vinyloctalone  (III)  with  lithium  in  liquid  ammonia.  A  3.25-g  sample  of  the  ketone  (III)  was 
reduced  with  0.4  g  of  lithium  in  liquid  ammonia  under  the  conditions  of  the  previous  experiment.  We  obtained  3.5 g 
of  an  oil,  which  was  chromatographed  on  alumina.  The  fraction  eluted  with  benzene  yielded  2.9  g  of  an  oil,  which 
was  crystallized  from  ether  to  give  1.4  g  of  5,9-dimethyl-l-vinyl-l-hydroxydecalone-6  (VII)  with  m.p.  85-86*. 

*  All  the  spectra  presented  in  the  work  were  plotted  by  T.  M.  Fadeeva.  Alcohol  was  used  as  the  solvent  for  the  ultra¬ 
violet  spectra. 
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The  diol  (XI)  was  also  obtained  by  exhaustive  hydrogenation  of  the  ethynyl  diol  (VI)  and  die  vinyl  diol  (VIII) 
in  alcohol  in  the  presence  of  platinum. 

5.9- Dimethyl-l-ethynyl-A^~l,6-dihydroxyoctalin  (XII).  To  a  cooled  solution  of  0.33  g  of  the  ethynyl  ketol 
(II)  in  120  ml  of  95‘5t  alcohol  was  added  100  mg  of  85%  sodium  borohydride  over  a  period  of  1  hr  with  stirring  and 
on  the  next  day,  3  drops  of  acetic  acid  were  added  and  the  solvent  was  removed  in  vacuum.  To  the  residue  was 
added  50  ml  of  distilled  water.  On  the  next  day  the  crystalline  product  was  collected.  We  obtained  0.27  g  of  the 
diol  (XII)  with  m.p.  128-129"  (from  ether);  i/lOlO,  1050,  1066  cm"^ 

Found  C  76.63,  76.64;  H  9.08,  9.24.  C14H20O2.  Calculated  %  C  76.29;  H  9.15. 

Under  analogous  conditions  we  obtained  an  oil  from  0.5  g  of  the  vinyloctalone  (III).  The  ether  fraction  from 
chromatography  yielded  5,9-dimethyl-l-vinyl-A®-l,6-dihydroxyoctalin  (XIII)  with  m.p.  118.5-119.5’  (from  ether); 

V  1005,  1025,  1045,  1075  cm"\ 

Found  %.  C  75.21;  H  9.82.  Ci4H2202.  Calculated  C  75.64;  H  9.97. 

An  analogous  reduction  of  1.4  g  of  the  ketol  (VIII)  with  sodium  borohydride  yielded  1.1  g  of  the  diol  (XIV) 
with  m.p.  139-140"  (from  acetone);  y(CHCl3)  1010,  1047  cm“*. 

Found  %  C  74.93,  75.12;  II  10.61,  10.80.  C^HsA*  Calculated  C  74.95;  H  10.78. 

This  diol  was  also  obtained  by  hydrogenation  of  the  diols  (XII)  and  (XIII)  in  alcohol  in  the  presence  of  Pd 
catalyst. 

SUMMARY 

5.9- Dimethyl-l-ethynyl-l-hydroxy-A®-octalone-6  and  its  derivatives  were  synthesized.  The  catalytic  hydro¬ 
genation  and  the  reduction  of  these  compounds  with  lithium  liquid  ammonia  and  sodium  borohydride  were  studied. 
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In  previous  communications  [1-4]  we  described  the  synthesis  and  properties  of  a  whole  range  of  esters  of  1- 
alkyl-l-phenyl-3-aminopropanols-l.  Continuing  the  search  for  substances  with  mainly  anesthetic  and  some  other 
properties,  we  decided  to  synthesize  some  esters  of  l-alkyl-l-phenyl-2-aminoethanols-l,  going  up  in  the  homolog¬ 
ous  series  of  amino  alcohols,  and  thus  elucidate  the  role  of  the  length  of  the  carbon  chain  between  the  oxygen  and 
nitrogen  atoms.  Using  derivatives  of  this  homolog,  it  seemed  interesting  to  determine  the  importance  of  die  struc¬ 
ture  of  the  alkyl  radicals  at  the  tertiary  nitrogen. 

The  preparation  of  the  series  ofl-alkyl-l-phenyl-2-dimethylaminoethanols-l  and  their  acyl  derivatives  was 
described  recently  [5].  The  present  work  was  devoted  to  die  synthesis  and  study  of  1-alkyl-l-phenyl-  and  1,1-di- 
phenyl-2-diethylaminoethanols-l  and  some  of  their  esters. 

It  has  long  been  known  that  the  diethylamino  group  is  extremely  active  physiologically.  Ehrlich  [6]  noticed 
that  *the  ethyl  group  must  have  a  definite  connection  with  the  nervous  system,"  and  that  "the  point  in  question  is 
the  effect  ...  on  the  nervous  system,  both  at  the  central ...,  and  the  peripheral  ends."  The  special  properties  of  the 
(C^HsigN  group  have  been  pointed  out  by  a  whole  series  of  investigators.  Thus,  the  literature  contains  reports  on  the 
importance  of  this  group  in  esters  of  dialky  lam  inoalkanols  and  3-alkoxy-4-aminobenzoic  acid  [7]  and  in  esters  of 
naphthaleneacrylic  acids  [8].  Among  1,5-disubstituted  3-dialkylaminoethylpyrazolines  [9]  and  a,B-disubstituted 
dialkylaminoethyl-p-aminobenzoates  [10]  it  has  also  been  observed  that  the  physiological  activity  reaches  a  maxi¬ 
mum  when  a  diethylamino  group  is  present.  All  these  facts  and,  above  all,  the  fact  that  most  known  anesthetics 
(novocaine,  sovcaine,  naphthocaine,  and  diiocaine)  contain  a  (CjHsi^N  group  induced  us  to  synthesize  N,N-diethyl 
analogs  of  l-phenyl-2-aminoethanols-l. 

The  synthesis  was  effected  by  the  following  scheme: 


CellsCOCHs  +  Brj  — CeHsCOCHaBr 


C,H6C0GH2N(C2H6)2 

(I) 


CeH6COCH2N(C2n5)2  •  HCl 


RMgX 


CeHs 


OH 

-L 


CIl2N(C2H5). 


R'COCl 


OCOR' 

C8H5-(1-CH2-N(C2H5)2  •  HCl 

I 

R 


(II)  R  =  CH,  (VI)  R  =  CH,.  R'  =  C,H,; 

(Ill)  R  =  C,H..  (Vll)  R  =  CH,.  R'=C.H,OCH,; 

(Vlll)  R  =  CH,.  R' =  C  H,OCH,CHt; 
(IX)  R  =  C,H„  R'  =  CH,OCH,; 

(X)  R  =  C,H„  R' =  (C.H*),CH,. 


The  starting  material  for  the  synthesis  was  w-bromoacetophenone,  which  was  obtained  in  up  to  80*^  yield  by 
bromination  of  acetophenone  in  the  presence  of  aluminum  chloride.  The  bromoacetophenone  was  then  converted 
to  a-diethylaminoacetophenone  (I)  by  reaction  with  diethylamine  in  anhydrous  ether.  The  amino  ketone  (I)  was 
extremely  unstable  and  decomposed  during  distillation  even  in  vacuum  and  therefore  it  was  isolated  and  identified 
as  the  hydrochloride. 
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The  conversion  of  a-diethylaminoacetophenone  to  tertiary  amino  alcohols  was  accomplished  by  means  of 
organomagnesium  compounds  and  proceeded  quite  smoothly  with  a  yield  of  44-56%. 

l,l-Diphenyl-2-diethylaminoethanol-l  (V)  was  isolated  in  an  attempt  to  prepare  the  amino  ketone  (I)  by  the 
method  of  Eidebenz.  This  should  be  considered  in  more  detail.  By  the  action  of  phenylmagnesium  bromide  on 
diethylaminoacetodiethylamide  (IV)  (the  product  from  the  reaction  of  chlcxoacetal  chloride  with  diethylamine),  as 
was  indicated,  Eidebenz  [11]  obtained  a-diethylaminoacetophenone  (I),  which  is  in  complete  agreement  with  the 
known  unusual  formation  of  ketones  by  the  reaction  of  a  Grignard  reagent  with  amines  [12,  13].  On  carrying  out 
the  synthesis  according  to  Eidebenz,  instead  of  the  ketone,  we  isolated  the  amino  alcohol  1, 1 -diphenyl -2 -diethyl - 
aminoethanol-1  (V)  in  41% yield. 


ClCHjCOCl  +  4HN(C2n5)2  — ► 


— lC8H5COCH2N(C2H^)2l 
(1) 


(C2H6)2NCH2C0N(C2H5)2 

(IV) 

OH 


C,H,Mg  Br 


C.H,MgBr 


I 

(C6Hs)2C-CH2N(C2H6)2 

(V) 


We  could  find  no  reports  in  the  literature  on  the  formation  of  tertiary  alcohols  in  a  similar  type  of  reaction, 
with  the  exception  of  two  cases  [14,  15],  when  an  alcohol  was  obtained  in  a  mixture  with  other  products.  In  this 
connection,  our  result  is  apparently  of  interest  as  the  first  case,  as  far  as  we  know,  of  the  formation  of  a  tertiary 
amino  alcohol  alone  by  the  action  of  a  Grignard  reagent  on  an  amide  (among  N,N-disubstituted  amides  of  a-amino 
acids).  The  question  then  arose  as  to  the  reason  for  the  discrepancy  between  our  data  and  literature  data.  This 
may  be  connected  with  some  conditions  of  the  reaction  and  therefore  we  give  a  detailed  description  of  them. 

The  amino  alcohols  obtained  were  esterified  with  benzoyl,  cinnamyl,  phenoxyacetyl,  6 -phenoxypropionyl, 
and  diphcnylacetyl  chlorides.  It  is  characteristic  that  the  esterification  depended  strongly  on  the  structure  of  the 
amino  alcohol.  While  the  alcohol  (II)  (R  =  CH3)  was  esterified  readily  in  all  cases,  alcohol  (HI)  (R  =  C2H5)  was  esteri¬ 
fied  only  by  phenoxyacetyl  and  diphcnylacetyl  chlorides,  while  the  hydrochloride  of  the  starting  amino  alcohol  pre¬ 
cipitated  in  the  case  of  benzoyl  and  cinnamyl  chlorides.  As  regards  the  diphenyl  analog  (V),  it  was  not  esterified 
at  all  by  any  of  the  acid  chlorides  given.  We  have  already  observed  a  similar  phenomenon  with  1 -phenyl-1 -alkyl- 
3-aminopropanols  [4].  This  problem  requires  further  investigation. 

In  the  isolation  and  purification  of  the  esterification  products,  it  was  difficult  to  obtain  them  in  a  crystalline 
state  in  a  number  of  cases.  This  was  connected  with  their  characteristic  tendency  to  form  oily  products,  which  is 
common  to  compounds  with  a  diethylamino  group  [16,  17].  Sometimes  crystallization  could  be  induced  only  by 
very  prolonged  cooling  of  the  substance. 

Pharmacological  investigation  of  the  compounds  synthesized  showed*  that  the  most  active  of  them  was  the 
hydrochloride  of  the  phenoxyacetate  of  l-methyl-l-phenyl-2-diethylaminoethanol-l(VII),  but  it  was  a  factor  of 
2.66  weaker  than  dicaine  as  regards  the  action  on  the  cornea  of  a  rabbit  in  a  0.1%  solution.  The  hydrochlOTides  of 
the  benzoate  of  the  same  alcohol  (VI)  and  the  phenoxyacetate  of  l-ethyl-l-phenyl-2-diethylaminoethanol-l  (IX) 
were  a  factor  of  28  weaker  than  cocaine  as  regards  the  action  on  the  ewnea  of  a  rabbit  in  0.5%  solution,  while  the 
hydrochloride  of  the  diphenylacetate  of  l-ethyl-l-phenyl-2-diethylaminoethanol-l  (X)  had  no  surface  local  an¬ 
esthetic  activity  at  all.  The  ester  (VIII)  was  not  tested.  None  of  the  preparations  was  suitable  for  infiltration  an¬ 
esthesia. 


EXPERIMENTAL 

a-Diethylaminoacetophenone  (I).  To  a  cooled  solution  of  39.8  g  of  bromoacetophenone  in  100  ml  of  an¬ 
hydrous  ether  was  added  39.5  g  of  diethylamine  in  80  ml  of  absolute  ether  with  shaking.  There  was  strong  heat 
evolution  and  a  voluminous  precipitate  of  diethylamine  hydrobromide  formed.  The  mixture  was  kept  at  10-15*  for 
18  hr  and  the  precipitate  collected  and  washed  with  anhydrous  ether  to  yield  colorless  crystals,  which  were  dried  in 
a  vacuum  desiccator.  We  obtained  29  g  (91%)  of  diethylamine  hydrobromide  with  m.p.  222-225*. 


*  The  authors  would  like  to  thank  A.  V.  Val’dman  and  E.  A.  Spalva  (preparations  VI  and  EX)  and  A.  S.  Kucheruk 
(preparations  II  and  X)  for  the  pharmacological  tests. 
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Esters  Cbtained 


OCOR' 

C„||5_(llcil2N(C2lIfi)2-HCl 

\ 

\ 

R 


Substance 

No. 

R' 

Melting 
point  ofhy- 
drochloride 

Found, % 

Calculated ,  % 

R 

N 

c 

H 

N 

C 

H 

(VI) 

CH3 

Cells 

161.5-103“ 

33 

3.98, 

4.00 

— 

— 

4.03 

— 

— 

(VII) 

CII3 

C0II5OCII2 

126-129 

63.9 

3..55. 

3.39 

66.40. 

66.71 

7.40, 

7.60 

3.71 

66.80 

7.43 

(VIII) 

CH3 

CyHsOGMoCHa 

1 

— 

52 

3.57. 

3.79 

— 

— 

3.57 

— 

— 

(IX) 

Gzlh 

C6H5OC112 

143.5-145 

24 

3.52, 

3.44 

— 

— 

3.57 

-  1 

— 

(X) 

C2H6 

(C6n5)2cn 

142-143 

15.6 

3.29. 

3.27 

74.41. 

74.58 

7.81, 

7.83 

3.10 

74.50 

7.54 

The  filtrate  was  dried  with  sodium  sulfate,  the  ether  removed,  and  the  residue  acidified  to  Congo  with  an 
ether  solution  of  hydrogen  chloride.  The  mother  solution  was  decanted  and  the  oily  residue  recrystallized  from 
acetone  to  give  white  crystals  of  diethylaminoacetophenone  hydrochloride  (I).  We  obtained  25.2  g  (55.6%)  of  the 
hydrochlOTide  with  m.p.  124-126®  (from  acetone). 

Found  %:  N  5.82,  5.94;  Cl  15.60.  CbHuONCI.  Calculated  %;  N  6.16;  Cl  15.60. 

l-Methyl-l-phenyl-2-diethylaminoethanol-l  (II).  A  23.6-g  sample  of  a-diethylaminoacetophenone  hydro¬ 
chloride  (I,  m.p.  118-119°)  was  added  gradually  with  stirring  at  -3  to  -5°  to  the  methylmagnesium  iodide  from  5.8  g 
of  magnesium  and  35.2  g  of  methyl  iodide  in  100  ml  of  absolute  ether.  The  mixture  was  stirred  fc*  a  further  hour 
and  kept  at  20°  for  24  hr.  The  reaction  mass  was  then  decomposed  by  acidification  to  Congo  with  18% hydrochlcsric 
acid  with  cooling  and  the  neutral  products  were  extracted  with  250  ml  of  ether  (5  x  50  ml).  The  aqueous  layer  was 
made  alkaline  with  solid  sodium  carbonate  and  extracted  with  400  ml  of  ether  (8  x  50  ml).  The  combined  ether 
extracts  were  dried  with  sodium  sulfate,  the  ether  removed,  and  die  product  vacuum  distilled.  We  obtained  12  g 
(55.6%)  of  l-methyl-l-phenyl-2-diefhylaminoethanol-l  (II)  with  b.p.  91-92°  (2  mm)  [17]. 

Found  %:  N  6.65,  6.74.  C13H21ON.  Calculated  %:  N  6.76. 

l-Ethyl-l-phenyl-2-diethylaminoethanol-l  (III).  A  16-g  sample  ofa -diethylaminoacetophenone hydrochloride 
(I)  (m.p.  118-119°)  in  80  ml  of  anhydrous  benzene  and  20  ml  of  xylene  was  gradually  added  at  +5  to  0°  with  stirring 
to  the  ethylmagnesium  bromide  from  9.2  g  of  magnesium  and  62.4  g  of  ethyl  brcnnide  in  90  ml  of  anhydrous  ether. 
Further  treatment  was  as  above.  We  obtained  6.85g(44.5%)of l-ethyl-l-phenyl-2-diethylaminoethanol-l  with  b.p. 
142.5-143.5°  (17  mm)  [18]. 

Found  %:  N  6.46,  6.77.  Ci4H230N.  Calculated  %;  N  6.34. 

The  hydrochloride  melted  at  104-106°  (from  acetone). 

Found  %;  N  5.45,  5.61.  C14H2PNCI.  Calculated  %;  N  5.43. 

«-Diethylaminoacetodiethylamide  (IV)  [11].  A  solution  of  12.1  g  of  freshly  distilled  chloroacetyl  chloride  in 
40  ml  of  anhydrous  ether  was  gradually  added  at  0-15°  with  stirring  to  a  solution  of  32.8  g  of  diethylamine  in  60  ml 
of  anhydrous  ether.  There  was  strong  heat  evolution  and  thick,  white  fumes  were  formed.  The  mixture  was  stirred 
with  cooling  for  a  further  20  min  and  then  kept  at  20°  for  16  hr.  The  precipitate  of  diethylamine  hydrochloride  was 
collected,  washed,  and  dried.  We  obtained  19.8  g  (85%)  of  diethylamine  hydrochlOTide  with  m.p.  214-217°.  The 
hltrate  was  dried  with  sodium  sulfate,  the  ether  and  excess  diethylamine  removed  and  the  product  vacuum  distilled. 
We  collected  a  fraction  boiling  at  110-130°  (10  mm)  and  this  was  redistilled.  We  obtained  14.6  g  (73.5%)  of  a- 
diethylaminoacetodiethylamide  (IV)  with  b.p.  108-110°  (10  mm). 
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Found  %.  N  15.32.  CmF^zONj.  Calculated  %.  N  15.00. 

1.1 -Diphenyl-2 -diethylaminoethanol-1  (V).  A  solution  of  7.5  g  of  diethylaminoacetodiethylamide  (IV)  in 
30  ml  of  anhydrous  ether  was  gradually  added  at  5-0”  with  stirring  to  the  phenylmagnesium  bromide  from  2.6  g  of 
magnesium  and  17.4  g  of  bromobenzene  in  50  ml  of  anhydrous  ether.  The  reaction  mixture  was  stirred  with  cool¬ 
ing  for  a  further  0.5  hr  and  heated  for  1  hr  with  the  ether  boiling  and  the  complex  then  decomposed  slowly  by  acidi¬ 
fication  to  Congo  with  18%  hydrochloric  acid  with  cooling  (in  a  parallel  experiment,  the  reaction  mixture  was  kept 
at  20*  for  72  hr  before  decomposition).  The  neutral  products  were  extracted  with  350  ml  of  ether  (7  x  50  ml)  and 
the  aqueous  layer  made  alkaline  to  litmus  with  solid  sodium  carbonate  and  extracted  with  500  ml  of  edier  (7  X  70  ml). 
The  combined  ether  extracts  were  dried  with  sodium  sulfate,  the  ether  removed,  and  the  residue  acidified  to  Congo 
with  an  alcohol  solution  of  hydrogen  chloride.  The  solvent  was  removed  knd  the  crystals  obtained  were  purified  by 
recrystallization.  We  obtained  5  g  (41%)  of  1,1 -diphenyl-2 -diethylaminoethanol-1  hydrochloride  with  m.p.  162- 
164*  (from  acetone  and  chloroform). 

Found  %:  N  4.57,  4.65.  C18H24ONCI.  Calculated  %:  N.  4.58. 

Part  of  the  amino  alcohol  hydrochloride  was  converted  to  the  base,  1,1 -diphenyl-2 -diethylaminoethanol-1  (V) 
with  m.p.  47.5-48*  (from  aqueous  alcohol). 

Found  %;  N  4.94,  5.30.  Number  of  H^ct.  1.02.  C18HJ3ON.  Calculated  %:  N  5.18.  Number  of  Hact.  1- 

The  picrate  melted  at  148-149*  (from  alcohol). 

Found  %;  N  11.29.  C24H26O8N4.  Calculated  %:  N  11.24. 

Esterification.  The  esters  of  the  amino  alcohols  were  obtained  as  the  hydrochlcwides  (see  table)  directly  during 
the  reaction.  A  typical  example  is  given  below. 

Phcnoxyacetate  of  l-methyl-l-phenyl-2-diethylaminoethanol-l  (VII).  To  a  solution  of  9.1  g  of  die  amino 
alcohol  (II)  in  10  ml  of  anhydrous  ether  was  added  15  g  of  freshly  distilled  phenoxyacetyl  chloride  in  13  ml  of  an¬ 
hydrous  benzene.  A  precipitate  formed  at  first,  but  this  disappeared  toward  the  end  of  the  addition.  Heat  evolution 
was  observed.  Cooling  the  flask  externally  with  ice  produced  a  white,  oily  precipitate,  which  changed  into  a  red 
oil  on  standing  for  48  hr  and  the  latter  thickened  when  triturated  with  absolute  ether.  Recrystallization  from  a  mix¬ 
ture  of  acetone  and  chloroform  (1  ;  1)  precipitated  an  oil,  which  changed  to  coarse,  white  rhombic  crystals  after 
standing  for  a  month.  The  crystals  were  collected  and  dried  in  a  vacuum  desiccator.  We  obtained  10.5  g  (63.9%) 
of  tile  hydrochloride  of  the  phcnoxyacetate  of  l-methyl-l-phenyl-2-diethylaminoethanol-l  (VII)  witfi  m.p.  126-129*. 

Found  %:  C  66.40,  66.71;  H  7.40,  7.60;  N  3.55,  3.39.  C21H28O3NCI.  Calculated  %:  C  66.80;  H  7.43;  N  3.71. 

SUMMARY 

1.  We  prepared  three  amino  alcohols  of  the  diethylaminophenylalkylethanol  series  and  five  esters,  which  have 
not  been  described  previously  in  the  literature. 

2.  A  new  form  of  Grignard  reaction  with  amides  forming  a  tertiary  alcohol  alone  was  accomplished  and  this 
has  not  been  reported  previously  in  the  literature. 

3.  Most  of  the  esters  prepared  have  a  surface  local  anesthetic  activity,  but  are  not  as  strong  as  dicaine  and 
cocaine. 
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One  of  the  main  problems  arising  in  the  study  of  the  reaction  of  a-alkyltetrahydrofurans  with  compounds  con¬ 
taining  an  active  halogen  atom  is  the  determination  of  the  direction  of  ring  opening.  In  a  series  of  investigations  it 
was  established  that  the  direction  of  ring  opening  of  unsymmetrical  y -oxides,  such  as  tetrahydrosylvan,  depends  not 
only  on  the  chemical  nature  of  the  halogen-containing  reagent,  but  also  on  such  factors  as  the  effect  of  catalyst  and 
temperature. 

It  has  been  reported  in  the  literature  [1]  that  in  the  reaction  of  tetrahydrosylvan  with  acetyl  chloride,  ring  open¬ 
ing  occurs  at  the  C-O  bond  adjacent  to  the  methyl  group.  However,  if  the  reaction  is  carried  out  in  the  presence  of 
hydrogen  chloride,  opening  occurs  at  the  C— O  bond  remote  from  the  methyl  radical.  Morell  [2]  dtowed  that  under 
tlie  action  of  acetyl  bromide  the  ring  of  tetrahydrosylvan  is  opened  in  both  directions  with  the  ratio  of  the  isomers 
formed  depending  on  the  temperature:  a  rise  in  the  latter  promotes  rupture  of  the  C-O  bond  remote  from  the  side 
group.  We  [3]  found  that  in  the  reaction  of  tetrahydrosylvan  with  silicon  tetrachloride  in  the  presence  of  zinc  chloride, 
tile  ring  is  opened  exclusively  at  the  C— O  bond  adjacent  to  the  methyl  group. 

In  the  present  work  we  studied  the  reaction  of  a-ethyltetrahydrofuran  and  a-propyltetrahydrofuran  with  silicon 
tetrachloride  and  showed  that  the  ethyl  and  propyl  groups  affect  the  direction  of  opening  of  the  tetrahydrofuran  ring 
in  the  same  way  as  the  methyl  radical  in  tetrahydrosylvan.  We  investigated  the  hydrolysis  and  thermal  decomposi¬ 
tion  of  the  6 -chloroalkoxychlorosilanes  thus  formed,  mainly  to  determine  the  structure  of  the  products  formed 
(chlorohydrins  and  chloroalkenes). 

The  reaction  between  a-ethyl-  and  a-propyltetrahydrofurans  and  SiCl^  proceeded  with  more  difficulty  than 
tlie  reaction  of  the  latter  with  tetrahydrosylvan.  This  evidently  indicates  steric  shielding  of  the  adjacent  C— Obond 
by  the  side  alkyl  group.  When  2  moles  of  a-ethyltetrahydrofuran  and  2  moles  of  SiCl^  were  heated  f(x  17  hr  in  the 
presence  of  2  g  of  anhydrous  zinc  chloride,  the  whole  of  the  a-ethyltetrahydrofuran  was  cleaved  with  the  formation 
of  chloroalkyl  esters  of  orthosilicic  acid,  while  a  considerable  part  of  the  a-propyltetrahydrofuran  (about  35%)  taken 
for  the  reaction  remained  unconverted  under  these  conditions.  a-Ethyl-  and  a-n-propylteaahydrofurans  were  cleav¬ 
ed  by  silicon  tetrachloride  exclusively  at  the  C-O  bond  adjacent  to  the  alkyl  group.  This  was  demonstrated  in  the 
following  way.  Hydrolysis  of  the  chltxoalkyl  esters  of  orthosilicic  acid  (6 -chloroalkoxychlorosilanes)  with  water 
gave  6-chloro  substituted  hexyl  or  heptyl  alcohols,  from  which  acetates  were  prepared.  The  latter  were  reduced  in 
the  vapor  phase  over  Pt— C  [3]  at  300°  to  primary  hexyl  and  primary  heptyl  acetates,  respectively. 


O' 


-CH2CH3 


SiCl„(OCH2CH2CH2CHClCH2CH3)4_„ 


HOCH2CII2CH2CHCICH2CH3  CH3COOCH2CII2CH2CHCICH2CH3 


rt/c  soo® 


cii3Coocn2CH2CH2Cii2cn2CH3 


Thus,  on  the  basis  of  these  results  we  arrive  at  the  following  general  conclusion:  in  the  reaction  of  a-alkyl¬ 
tetrahydrofurans  with  silicon  tetrachloride  in  the  presence  of  ZnCl2,  the  ring  is  opened  exclusively  at  the  C-O  bond 
adjacent  to  the  alkyl  radical. 
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The  6 -chloroalkoxychlorosilanes  obtained  from  a-alkyltetrahydrofurans  and  silicon  tetrachloride  were  ex¬ 
tremely  unstable  thermally  and  decomposed  during  distillation.  Some  of  the  decomposition  products  were  chloro- 
alkenes,  which  were  formed  in  about  40-50%  yield.  We  made  a  detailed  investigation  of  the  structure  of  the  chloro- 
pentenes  obtained  by  thermal  decomposition  of  6 -chloropentoxychlorosilanes,  i.e.,  the  products  from  the  reaction 
of  tetrahydrosylvan  with  silicon  tetrachlwide.  It  was  necessary  to  establish  the  position  of  the  chlOTine  atom  and  the 
double  bond  in  the  molecule  of  the  chi  ropentenes.  To  solve  the  first  problem,  we  prepared  a  Grignard  reagent 
from  the  chloropentenes  and  oxidation  of  this  with  pure  oxygen  with  cooling  and  decomposition  with  dilute  hydro¬ 
chloric  acid  yielded  a  mixture  of  unsaturated  primary  amyl  alcohols.  Hydrogenation  of  the  latter  in  the  vapor  phase 
over  10%  Pt/C  at  150°  yielded  primary  amyl  alcohol.  It  was  thus  demonstrated  that  the  chlorine  in  the  chloro¬ 
pentenes  was  in  a  primary  position.  The  position  of  the  double  bond  was  determined  by  examination  of  the  hydroly¬ 
sis  product  of  the  organomagnesium  compound  obtained  from  the  mixture  of  chlcaropentenes.  The  pentenes  formed 
as  a  result  of  the  hydrolysis  were  analyzed  optically  by  gas-liquid  chromatography.  It  was  found  that  they  consisted 
of  2-pentene  (~85%)  and  1-pentene  ( ~15%).  Hence  it  follows  that  the  bulk  of  the  mixture  of  chloropentenes  (~65%) 
consists  of  5-chloro-2-pentene. 


CH3CH=CHCH2CIl2Cl  j,g  CH3CH=CHCH2CH2MgCl 

+  - ►  + 

CH2=CHCH2CH2Cll2Cl  CH2=CHCII,CH2(:i!2MgCI 


{—85%)  Cll3CH=CHCH2CIl3  CH3Cn=CHCU2Cll20MgCl 

(~150/o)  CH2=CIlCn2CH2CH3  CIl2=CnCH2Cll2CM20MgCl 

Jh.o 

CIl3Cll=CIICIl2CIl20H 

•4" 

CH2=CIICH2CH2Cn20H 

ill. 

cii3cn2CH2Cii2cn20ii 


Thus,  the  chloropentenes  formed  from  tetrahydrosylvan  and  SiCl4  contain  a  primarily  bound  chlCMrine  atom  in 
position  5  and  double  bonds  in  positions  1  and  2. 

At  the  same  time,  opening  of  the  ring  in  tetrahydrosylvan  exclusively  at  the  C— O  bond  adjacent  to  the  methyl 
group  must  lead  to  5  -chloropentoxychlorosilanes  in  which  the  chlorine  is  secondarily  bound.  This  fact  may  be  ex¬ 
plained  by  the  following  mechanism  for  the  formation  of  chloropentenes  during  the  thermal  decomposition  of  6  “ 
chloropentoxy  chlorosila  nes. 


SiCI. 

I  - °  ci„si(oci!2CnjCn2CHcicH3)4_„ 

Xo'x-'"'’ 


heating 

-UCi 


ci„Si(0CH2CH2Cii=cHcn3)4_„  cicn2cii2cn=cncn3 

4-  --,14- 

ci„si(0cn2cii2cn2cii=cn2)4_„  cicii2CH2CH2C1i=ch2 


This  mechanism  assumes  that  there  is  first  elimination  of  HCl  in  the  two  possible  directions  and  then  the  re¬ 
action  of  the  latter  with  the  pentenoxychlOTosilane  molecule.  Had  the  chloropentenes  been  formed  by  direct  elimina¬ 
tion  of  the  elements  of  silicic  acid,  then  only  one  chloropentene  would  have  been  formed,  namely,  4-chloro-l- 
pentene.  The  proposed  reaction  mechanism  is  also  confirmed  by  the  determination  of  the  structure  of  the  chloro- 
heptenes  formed  from  a-propyltetrahydrofuran  and  SiCl4.  In  accordance  with  our  hypothesis,  only  3-heptene  was 
obtained  from  the  chloroheptene.  The  formation  of  this  alkene  is  clear  from  the  scheme  given  below. 
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•  .  l-CHaClljCH., 

XqA 


StCI,  -HCl 

- ►  CI«Si(OCH2CH2CH2CllClCH2CH,CIIa)4_n  - ► 


Cl,Si(OCH2Cn2CH2CII=CHCH2CH3)4_» 

— ♦  HCl 

CUSi(OCIl2C!l2CH=CHCH2CH2CH3)4_n 
ClCn2Cn2CH2CH=CIICIl2CH3  ClMgCn2C»2CH2CH=CHCH2CH3  „o 

-j-  — ►  -4-  — — ' 

ClCH2CIl2CII=CHCH2Cll2Cll3  ClMgCH2CH2CH=CHCH2CIl2Cn3 

— ►  GH3CH2CH=CHCH2Cn2CH3 


EXPERIMENTAL 

Starting  materials.  Tetrahydrosylvan  was  obtained  by  hydrogenation  of  sylvan  in  an  autoclave  over  a  skeletal 
nickel— aluminum  catalyst  at  100-120*.  It  had  b.p.  79-80*  (750  mm),  n^  1.4058,  d4®  0.8582.  a-Ethyltetra- 

hydrofuran  and  a-n-propyltetrahydrofuran  were  obtained  by  hydrogenation  of  the  corresponding  a-alkylfurans,  which, 
in  their  turn,  were  prepared  by  reduction  of  methyl-  and  ethylfurylcarbinols  in  the  vapor  phase  over  Pd/C  at  200- 
220°  [4].  a-Ethyltetrahydrofuran  had  b.p.  106-108*  (755  mm),  nf)  1.4163,  0.8556;  a-n-Propyltetrahydrofuran 

had  b.p.  132-133*  (750  mm),  n^  1.4232,  d^®  0.8562.  The  silicon  tetrachloride  boiled  over  the  range  of  58-60*. 

Experimental  conditions.  Into  a  flask  fined  with  a  reflux  condenser  were  placed  equimolecular  amounts  (1- 
2  moles)  of  a-alkyltetrahydrofuran  and  silicon  tetrachloride  and  1-2  g  of  anhydrous  zinc  chloride  was  added. 

In  the  experiment  with  tetrahydrosylvan,  the  reaction  mixture  was  boiled  for  14  hr  and  in  experiments  with 
a-ethyl  and  a-n-propyltetrahydrofurans,  for  17  hr.  After  removal  of  the  unreacted  SiCl4,  the  reaction  products  were 
either  hydrolyzed  with  water  or  distilled  slowly  from  a  Claisen  flask  at  atmospheric  pressure  to  form  diloroalkenes 
in  the  latter  case. 

Hydrolysis  of  6 -chloroalkoxychlorosilanes.  The  6 -chlorohexoxychlorosilanes  and  5 -chloroheptoxychloro- 
silanes  (the  products  from  the  reaction  of  a-ethyl-  and  a-propyltetrahydrofurans  with  silicon  tetrachloride)  were 
hydrolyzed  with  water  by  stirring  in  the  presence  of  ether  in  a  flask  with  a  reflux  condenser.  The  hydrolysis  prod¬ 
ucts  were  extracted  several  times  with  ether,  the  ether  extract  washed  with  sodium  carbonate  solution  and  dried 
with  potassium  carbonate,  the  ether  removed,  and  the  products  distilled  under  reduced  pressure  on  a  column  with 
a  glass  packing.  4-Chlorohexanol-l  was  isolated  in  70*70  yield  from  the  hydrolyzate  of  the  5  -chlorohexoxychloro¬ 
silanes. 

B.  p.  64*  (4  mm),  nf}  1.4545,  d^®  1.0219,  MRj)  36.24;  calc.  36.30. 

Found  %  C  53.10;  H  9.71;  Cl  25.69.  QHjaOCl.  Calculated  C  52.74;  H  9.59;  Cl  25.95. 

The  acetate  of  4-chlorohexanol-l  (4-chloro-l-acetoxyhexane):  b.p.  92*  (8  mm),  1.4388,  d^®  1.0371, 

MRd  45.29.  CgHisO^Cl.  Calculated  45.66. 

4-Chloroheptanol-l  was  obtained  in  60*70  yield  from  the  hydrolyzate  of  the  5 -chloroheptoxychlorosilanes. 

B.  p.  92”  (3  mm),  njJ  1.4539,  d4®  0.9971,  MRj)  40.91;  calc.  40.92. 

Found  *70:  Cl  23.62.  C7H15OCI.  Calculated  *70 :  Cl  23.53. 

The  acetate  of  4-chloroheptanol-l  (4-chloro-l-acetoxyheptane):  b.p.  104*  (7  mm),  1.4405,  c^®  1.0098, 
MRq  50.34.  C9H17O2CI.  Calculated  50.28. 

Thermal  decomposition  of  6 -chloroalkoxychlorosilanes.  The  chloroalkenes  obtained  during  thermal  de¬ 
composition  of  the  6  -chloroalkoxychlorosilanes  by  slow  distillation  at  normal  pressure  were  isolated  from  the  py- 
rolyzate  by  distillation  on  a  column  with  a  glass  packing.  From  the  products  of  the  reaction  of  tetrahydrosylvan 
with  SiCl4  we  isolated  a  fraction  with  b.p.  107.5-108.5°,  np  1.4354,  d4®  1.4390,  which  was  a  mixture  of  chloro- 
pentenes.  From  this  fraction  we  prepared  a  Grignard  reagent,  which,  after  oxidation  with  oxygen  with  cooling  in 
ice  and  salt  and  decomposition  with  dilute  hydrochloric  acid,  yielded  a  mixture  of  unsaturated  primary  amyl  al¬ 
cohols  with  b.p.  137-137.5*  (745  mm),  n|)  1.4340,  d4®  0.8535.  The  literature  contains  only  incomplete  data  for 
penten-l-ol-5  [5]:  b.p.  139-142°, d^®  0.863.  Penten-2-ol-5  has  not  been  described.  Hydrogenation  of  the  pen- 
tanols  in  the  vapor  phase  over  Pt/C  at  150°  yielded  primary  amyl  alcohol  with  b.p.  138°  np  1.4110.  In  order  to 
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determine  the  position  of  the  double  bond  in  the  molecule  of  die  chloropentenes,  we  investigated  the  hydrolysis 
products  of  the  organomagnesium  compound  obtained  from  them.  The  Grignard  reagent  was  prepared  in  tetrahydro- 
furan.  The  products  from  its  decomposition  with  water  were  distilled  on  a  column  to  yield  a  fraction  with  b.p.  30-40*. 
The  pentenes  formed  were  analyzed  optically  and  by  gas-liquid  chromatography.  It  was  found  diat  the  mixture  of 
pentenes  consisted  of  approximately  70%  of  trans-2-pentene,  15%  of  cis-2-pentene,  and  15%  of  1-pentene, 

Thermal  decomposition  of  the  products  from  the  reaction  of  a-n-propyltetrahydrofuran  with  silicon  tetra¬ 
chloride  gave  a  ~45%yield  of  a  mixture  of  chloroheptenes;  b.p.  155-156*,  1.4435,  0.8920,  MRjj  38.46. 

C7H18CI.  Calculated  38.92. 

The  mixture  of  chloroheptenes  was  treated  with  magnesium  and  the  organomagnesium  compound  obtained  was 
decomposed  with  water.  Distillation  of  the  decomposition  products  on  a  column  yielded  3-heptene. 

B.  p.  94.5*  (753  mm),  nf^  1.4053,  d^®  0.7039,  MRj)  34.20.  C7H14.  Calculated  34.06. 

Literature  data  [6]:  b.p.  94*  (739  mm),  1.4042,  d^®  0.7016. 

The  purity  of  the  3-heptene  was  also  demonstrated  by  gas-liquid  chromatography  and  spectral  analysis. 

SUMMARY 

1.  It  was  established  that  like  tetrahydrosylvan,  a-ethyltetrahydrofuran  and  a-n-propyltetrahydrofuran  are 
cleaved  by  silicon  tetrachloride  in  the  presence  of  anhydrous  zinc  chloride  at  the  C-O  bond  adjacent  to  the  alkyl 
group.  This  forms  6  -chloroalkoxychlorosilanes.  Hydrolysis  of  the  latter  led  to  4-chlorohexanol-l  and  4-chloro- 
heptanol-1,  respectively,  in  yields  of  60-70%. 

2.  Thermal  decomposition  of  the  6 -chloroalkoxychlorosilanes  formed  chloroalkenes  in  yields  of  40-50%. 

The  structures  of  these  chloroalkenes  were  established  and  a  mechanism  was  f^oposed  for  the  thermal  decomposition 
of  6  -chloroalkoxychlorosilanes. 
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Quaternary  ammonium  salts  containing  3-chlorobuten-2-yl  and  3-methylbuten-2-yl  radicals  are  readily  de¬ 
composed  by  aqueous  alkali  to  form  chloroprene  and  vinylacetylene  in  the  first  case  [1]  and  isoprene  in  the  second 
case  [2].  The  salts  given  may  be  used  to  alkylate  compounds  containing  a  labile  hydrogen  atom  [3], 

These  data  indicate  the  comparative  ease  of  both  the  elimination  of  the  6  -hydrogen  atom  of  the  S  ,y -unsaturat- 
ed  radical  in  these  compounds  under  the  action  of  aqueous  alkali  and  also  the  formation  of  a  carbonium  ion  from  the 
same  radical  on  heating.  The  presence  of  a  readily  eliminated  6 -hydrogen  atom  in  the  unsaturated  radical,  which, 
in  its  turn,  is  eliminated  from  the  nitrogen  comparatively  readily  in  the  form  of  a  carbonium  ion,  gave  grounds  for 
expecting  the  formation  of  a  diene  during  thermal  decomposition  of  ammonium  salts  containing  these  radicals.  Fca: 
an  experimental  check,  we  synthesized  a  series  of  tertiary  and  quaternary  ammonium  salts  containing  one  or  more 
of  these  radicals  and  subjected  them  to  thermal  decomposition. 

In  actual  fact,  our  expectations  were  quite  justified.  The  reaction  proceeded  mainly  according  to  the  follow¬ 
ing  scheme; 


llaN— CIl2-GM=CX- 
ci- 


-CIL 


(a) 


(b) 


R3N  •  IICI  +  CH2=C11-CX=CH.. 


RgN  +  Gila— CX=CH— CMjCI 


X  =C1.  CH,. 


In  most  cases  the  reaction  mainly  followed  direction  (a),  i.e.,  the  reaction  yielding  the  diene.  In  some  cases, 
the  picture  was  complicated  by  parallel  transalkylations  [4].  In  experiments  with  trimethyl-(3-chlorobuten-2-yl) 
ammonium  chloride,  the  nitrogen-free  decomposition  products  were  found  to  contain  methyl  chltwide. 

The  first  stage  of  the  thermal  decomposition  of  the  ammonium  salts  we  studied  is  apparently  an  interionic 
elimination  of  a  carbonium  ion  from  the  ammonium  nitrogen.  The  carbonium  ion  is  then  stabilized  either  by  the 
elimination  of  a  proton  from  the  6  -position  with  the  formation  of  a  diene  (a)  or  by  the  addition  of  the  anion  of  the 
ammonium  salt  decomposed  (b). 

As  the  data  presented  in  Tables  1  and  2  show,  the  decomposition  of  quaternary  ammonium  salts  proceeds  at  a 
lower  temperature  than  the  decomposition  of  the  tertiary  salts.  Ammonium  salts  containing  a  3-methylbuten-2-yl 
radical  were  decomposed  at  a  lower  temperature  than  the  corresponding  salts  with  a  3-chlorobuten-2-yl  radical. 
Replacement  of  the  two  methyl  groups  by  two  ethyl  groups  affected  the  rates  of  decomposition  of  the  ammonium 
salts  containing  the  3-chlorobuten-2-yl  radical.  This  replacement  had  no  effect  upon  the  ratio  of  the  nitrogen- 
free  reaction  products.  With  an  increase  in  the  number  of  3-chlorobuten-2-yl  radicals  both  in  the  tertiary  ammoni¬ 
um  salt,  and,  particularly,  in  the  quaternary  salt,  the  yield  of  chloroprene  fell  and  on  the  other  hand,  the  yield  of 
1,3 -dichlor 0-2 -butene  increased.  This  phenomenon  was  not  observed  with  ammonium  salts  containing  3-methyl- 
buten-2-yl  radicals.  In  accordance  with  literature  data,  the  presence  of  a  phenyl  in  the  ammonium  complex  had 
a  strong  effect  on  the  strength  of  the  bond  with  nitrogen  and  this  led  to  decomposition  of  the  salt  at  considerably 
lower  temperatures.  Dimethylphenyl-(3-methylbuten-2-yl)ammonium  chloride  was  decomposed  readily  and  rapidly 
even  at  100-105°.  By  repeating  this  experiment  under  conditions  where  only  isoprene  was  distilled  from  the  reac¬ 
tion  medium,  we  were  able  to  decompose  the  ammonium  salt  wholly  to  isoprene.  Dimethylaniline  hydrochloride 
remained  in  the  reaction  flask.  Analogous  data  were  obtained  by  heating  simply  an  equimolecular  mixture  of  di- 


752 


TABLE  1,  Results  of  Thermal  Decomposition  of  Ammonium  Salts 
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TABLE  2.  Results  of  Themial  Decomposition  of  Ammonium  Salts 


DO  ^ 
a  I 


II 

a: 


V5 


«  33 

o  o 


o 

33 

c< 

S5 

33  33 


o 

33 

OJ  OS 
\/ 

33 

o 


os 

+2h 


33 

J  tf 

\/ 


33 

S  W 


G  I 


OS  os 
\/ 
+35 


03 

+Zi  03 

33 

u 
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Containing  ~  18%  of  methyl  chloride. 


TABLE  3.  Effect  of  Nature  of  Halogen  Anion  on  Decomposition  Tern 
perature  of  Trimethyl -(3 -methy lb uten -2 -yl)Ammonium  Halides 


V 

•0 

73 

X 

Decomposi¬ 
tion  temp. 

Reaction 

time,  hr 

Total 

yield 

Ratio  (n 

isoprene 

aol.  %) 

l-chloro-3 

methyl- 2- 
butene 

Cl 

1 

200° 

1 

95.5 

100 

0 

Br 

180-190 

0.5 

91.1 

100 

0 

I 

170—180 

0.5 

93.2 

100 

0 

methyl  aniline  and  l-chloro-3-methyl-2-butene  on  a  boiling  water  bath.  As  l-chloro-3 -methyl -2 -butene  is  readily 
accessible,  this  reaction  may  be  used  for  preparing  pure  isoprene. 

Using  halomethylates  of  dimethyl-(3-methylbuten-2-yl)amine,  we  studied  the  effect  of  the  nature  of  the 
halogen  anion  on  the  thermal  decomposition  of  these  salts.  The  data  obtained  (Table  3)  show  that  with  a  change 
from  chloride  to  bromide  and  iodide,  the  decomposition  temperature  fell  somewhat. 

The  exceptional  ease  of  cleavage  of  the  3-methylbuten-2-yl  radical  in  the  thermal  decomposition  of  am¬ 
monium  salts  containing  this  radical  may  be  used  in  preparative  chemistry  for  the  synthesis  of  mixed  amines. 


CHa 

I 

RN(cn2cn=:Ccn3)2  +  r'ci 


CH3  heating 

R  R'I^(CH2CH=CCH3)2C1- 


RR'NHCH2CH=CCH3  4-CH2=CHC=CH2 
Cl-  I  I 

CII3  CH3 

1)  OH- 


I  1)  OH- 
I  2)  R"C1 


heatine 

RR»R'’NCH2Cn=CCH3  - ^  RR'R  "N  •  HCl-|-CHo==CH— C=CH. 

Cl-  I  I 

CH3  CH3 


This  route  is  a  successful  addition  to  the  method  we  proposed  previously  for  the  preparation  of  mixed  amines 
through  alkaline  decomposition  [1]  as  it  also  makes  it  possible  to  prepare  amines  containing  a  halogen  in  the  radical. 
By  this  method  we  obtained  high  yields  of  dimethyl-3-chlOTobuten-2-ylamine,  dimethyl -6-chloroethy famine,  and 
dimethyl-y  -chloropropylamine. 


(CH3)2NCH2CH=CCH3-f-RCl  (CH3)2R1^CH2CH=CCH3 
I  Cl-  I 

CH3  CH3 

— ►  (CH3),NR  .  HC1  +  CH,=CHC=CH2 

I 

CH3 

R  =  CH,CH,CI,  CH,CH,CH,CI,  CH,CH=CC1CH,. 

Both  the  first  and  cond  stages  of  the  reaction  proceed  very  readily  and  give  almost  quantitative  yields. 

EXPERIMENTAL 

The  quaternary  ammonium  salts  were  prepared  by  the  reaction  of  a  tertiary  amine  with  an  alkyl  halide  in 
ether  or  alcohol  with  subsequent  removal  of  the  solvent  and  recrystallization.  Data  on  some  of  the  salts  prepared 
are  given  in  Table  4. 
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TABLE  4.  Quaternary  Ammonium  Salts  Described  fw  the  First  Time 


'According  to  literature  data,  m.p.l68’[5];  177-177 .5" [6j. 


Starting  compounds 

m.p.  1 
of  1 

salt 

Ionic  chlo¬ 
ride  (%) 

amine  | 

1 

alkyl  chloride 

founci 

1 

calc. 

{CIIn)3N 

1 

167® 

C,H,.NCI, 

19.34 

19.30 

(Cll3).^N(:il./’,ll=CCl-CH3 

C„H„NC1, 

13.63 

13.73 

CH3N{Cll2-(’.n=CCI-Cll3)2 

gh3-ggi=gm— G1I2GI 

16S* 

C„1I„NC1, 

10..')2 

10.66 

N((;ii,-r,M=CGi- 0113)3 

182 

C,.H„NC1. 

8.61 

8.71 

(CIlaj^NCJIs 

49 

C„H„NCl, 

14.49 

14.4.3 

(CllsbN 

173 

C,H.,NCl 

21.84 

21.71 

GII3 

{GH3)2NGIl2Gll=G-GH3 

111 

C„H,.NCI 

16.39 

16.32 

GII3 

1 

gh3N(gii.2Gii=g-gh3)2 

(Gll3)..NGcll5 

GH., 

1 

Gll.,-  G=GII-GH2G1 

r.,.TG,NCI 

13.09 

13.07 

GH3 

46 

C.„H;,NC1 

15.10 

15.70 

1 

G 1 1 3N  -G 1 1  2-G  1 1  =G-G  1 1 3 

117 

C„H«,NC.l 

12.53 

i  12.70 

CuH.3 

Thermal  decomposition.  A  0.3 -0.4  mole  sample  of  the  ammonium  salt  was  placed  in  a  Wurtz  flask  and 
heated  on  a  sand  bath.  As  the  volatile  decomposition  products  formed,  they  were  distilled  into  receivers  with  acid 
for  titration.  At  the  end  of  the  system  there  was  a  coil  receiver,  cooled  to  -80  to  -85*.  The  neutral  reaction  prod¬ 
ucts  that  distilled  were  separated,  dried,  and  redistilled.  The  total  amount  of  amine  distilled  was  determined  by 
back  titration  of  the  acid  in  receivers.  The  acid  layer  was  made  alkaline  to  liberate  these  amines,  which  were 
dried  and  distilled.  The  contents  of  the  reaction  flask  were  then  made  alkaline  and  the  amines  which  remained  in 
die  flask  in  the  form  of  hydrochlorides  were  extracted.  In  the  case  of  quaternary  ammonium  salts,  after  the  con¬ 
tents  of  the  flask  had  been  made  alkaline  and  the  amines  extracted,  the  aqueous  layer  was  subjected  to  alkaline 
decomposition  [1].  The  amines  were  identified  by  the  melting  points  of  solid  derivatives  and  mixed  melting  points 
with  authentic  samples. 

During  the  decomposition  of  trimethyl-(3-chlorobuten-2-yl)ammonium  chloride,  3.2  g  of  a  liquid  collected 
in  the  coil  receiver,  cooled  to  -85*.  Treatment  of  the  liquid  with  an  acetone  solution  of  trimethylamine  and  sodi¬ 
um  iodide  formed  tetramethylammonium  iodide  with  m.p.  230*. 

Found  %:  I  63.82.  C4H12NI.  Calculated  %:  I  63.18. 

Preparation  of  isoprene.  A  mixture  of  32  g  of  l-chlOTo-3 -methyl-2 -butene,  36  g  of  dimethylaniline,  and  Ig 
of  water  was  heated  in  a  flask  with  a  tall  fractionating  column  for  30  min  on  a  boiling  water  bath.  There  distilled 
16.7  g  of  a  substance,  which  distilled  completely  at  30-33*  and  was  pure  isoprene.  The  residue  in  the  reaction  flask 
was  treated  with  alkali.  The  layer  liberated  was  separated  and  distilled.  We  obtained  29.7  g  (81.8%)  of  a  sub¬ 
stance  with  b.p.  60-62*  (7  mm),  whose  picrate  melted  at  154*  and  did  not  depress  the  melting  point  of  dimethyl- 
aniline  picrate.  We  also  obtained  6.2  g  (11.5%)  of  a  substance  with  b.p.  98-106°  (7  mm),  whose  picrate  melted  at 
101°  and  did  not  depress  the  melting  point  of  methylphenyl-(3-methylbuten-2-yl)amine  picrate. 

From  the  aqueous  layer  we  isolated  hygroscopic  crystals  of  trimethylphenylammonium  chloride. 

Found  %;  Cl  21.9.  C9H14NCI.  Calculated  %:  Cl  20.8. 
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SUMMARY 

1.  It  was  shown  that  in  addition  to  the  corresponding  butenyl  chlcnride.  the  thermal  decomposition  of  am¬ 
monium  salts  containing  3-mediy]butene-2-yl  and  3-chlorobuten-2-yl  radicals  also  fcxms  dienes.  In  the  case  of 
salts  containing  3-methylbuten-2-yl  radicals,  the  main  direction  of  the  reaction  was  the  formation  of  a  diene, 
namely,  isoprene,  and  the  hydrochloride  of  the  corresponding  tertiary  amine.  Methyl  dtloride  was  also  formed  during 
the  decomposition  of  trimethyl-3(3-chlorobuten-2-yl)ammonium  chloride. 

2.  It  was  shown  that  the  exceptional  ease  of  elimination  of  the  3-methylbuten-2-yl  radical  during  the  thermal 
decompositi(»i  of  ammonium  salts  containing  this  radical  may  be  used  in  .the  synthesis  of  mixed  amines.  A  prepara¬ 
tive  method  is  proposed  for  obtaining  pure  isoprene. 
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In  previous  communications  we  presented  the  results  of  investigating  the  reaction  of  alkali  with  amines  and 
quaternary  ammonium  salts  containing  a  halogen  in  a  normal,  4-carbon  chain  [1-3].  It  was  shown  that  with  a  change 
from  an  amine  containing  a  haloalkyl  radical  to  its  iodomethylate,  the  rate  of  dehydrochlorination  increased  ap¬ 
preciably.  This  is  in  conformity  with  the  considerably  greater  negative  induction  effect  of  the  ammonium  group  in 
comparison  with  the  dialky lamino  group.  On  a  number  of  examples  it  was  shown  that  the  dehydrochlorination— de¬ 
composition  of  haloalkyl-containing  quaternary  ammonium  salts  is  a  general  reaction  and  may  be  used  in  the  synthe¬ 
sis  of  compounds  with  conjugated  multiple  bonds. 

In  a  development  of  these  investigations  for  determining  the  effect  of  a  methyl  group  in  the  y  -position  of  the 
halogen-containing  radical,  we  studied  amines  and  iodomethylates  obtained  from  l-dimethylamino-3 -methyl-2 - 
butene  (I)  [4],  namely,  1 -dime thy lamino-3-chloro-3-methylbutane  (11),  l-dimethylamino-2,3-dichloro-3-methyl- 
butane  (III),  l-dimethylamino-2-chloro-3 -methyl-2 -butene  (IV),  l-dimethylamino-2,2,3-trichloro-3-methyl- 
butanc  (V),  and  their  iodomethylates  (Ila),  (Ilia),  (IVa),  and  (Va),  respectively. 

The  results  of  the  reaction  of  these  compounds  with  alcoholic  alkali  at  room  temperature  are  given  in  Table  1. 

It  could  be  predicted  that  the  order  of  elimination  of  the  elements  of  hydrogen  chloride  from  (11),  (11a),  and 
(111)  would  be  the  same  and  coincide  with  that  for  the  corresponding  chloro  derivatives  of  hydrocarbons.  However, 
without  experimental  confirmation  we  could  not  exclude  the  possibility  of  partial  dehydrochlorination  due  to  the 
exceptionally  readily  protonized  a-hydrogen  atoms. 

CH3  CII3 

*  I  OH“  +  I 

(CIl3),\’— cila-cnci-cci— CII3  (CH3)3N— CH=C!I-CGI— CII3 

1“ 

(Ilia) 

In  addition,  if  this  order  of  dehydrochlorination  does  not  occur  at  room  temperature,  then  there  is  the  possi¬ 
bility  of  it  occurring  during  alkaline  decomposition.  The  results  of  alkaline  decomposition  of  iodomethylates  at  110° 
are  given  in  Table  2. 

The  complete  coincidence  of  the  results  of  the  reaction  of  alkali  with  the  salts  (111a)  and  (IVa)  at  room  tem¬ 
perature  and  at  110°  give  grounds  for  considering  that  the  dehydrochlorination  of  (Ilia)  and  its  subsequent  decom¬ 
position  proceed  through  the  formation  of  the  iodomethylate  (IVa). 

CII3 

(Ilia)  (CH3)3N— CH.,— CC1=C— CII3 

r 

(IVa) 

The  subsequent  reaction  of  (IVa)  with  alkali  leads  to  products  of  both  complete  (2-methylvinylacetylene)  and 
partial  dehydrochlorination— decomposition  (6 -chloroisoprene). 
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TABLE  1.  Results  of  Reaction  of  Amines  and  Their  lodomethylates  with  Alkali  at  Room 
Temperature 


Reaction 

Ionic 

chlorine 

Starting  compound 

time  (hr) 

(g-atom 
per  mole) 

Compound  obtained 

(II) 

0113 

I 

(CH3)2N-cn2-cn2-(:ci-cn3 

0.25 

1.00 

(I)  lodomethylate, 
m.p.  IGir 

(lla)* 

0.25 

1.00 

(la)*  M.p.  160° 

(III) 

C,,  J 

(CIl3).,N-CH,-CIICI-CCl-CH3  1 

0.50 

10 

0.54 

1.00 

(IV)  lodomethylate, 
m.p. 

(Ilia)* 

1 

CH3 

0.50 

10 

0.75 

1.20 

(IVa)*  M.p.  214° 

(IV) 

(GH3)2N— CH2-CCI=C— GII3 

10 

0.00 

(IVa)* 

C113 

10 

0.24 

(V) 

(GH3)2N-CH2-CCl2-CCl-Cn3 

10 

0.00 

(Va)* 

0.25 

3.00 

(VI)  M.p.  70° 

*  lodomethylate. 


(IVa) 


(CH3)3i^-CH=C=C(CIl3)2 - > 


CH3 


(Cn3)3N  +  11C=  C— C=CH2 


CII3 

I 

(CH3)3N  -I-  ch2=cci— c==cn2 


In  contrast  to  this,  it  was  shown  previously  that  the  alkaline  decomposition  of  homologs  of  these  salts,  namely, 
trimethyl-2,3-dichlorobutylammonium  and  trimethyl-2 -chlorob uten -2 -ylammonium  iodides,  leads  to  the  fcamation 
of  vinylacetylene  alone,  i.e.,  the  product  of  complete  dehydrochlorination -decomposition.  We  could  not  detect 
the  second  possible  reaction  product,  namely,  chloroprene  [5]. 

As  the  data  in  Table  1  show,  during  the  reaction  of  (V a)  with  alkali,  even  at  room  temperature,  there  is  ready  and  rapid 
complete  dehydrochlorination -decomposition  of  this  compound  to  yield  6 -methylcrotonic  acid  (VI).  This  is  a  new 
example  of  the  reaction  we  discovered,  namely,  the  formation  of  carboxylic  acids  by  decomposition  of  ammonium 
salts  containing  6 ,0  -  or  a,0  -dichloroalkyl  radicals  [6]. 


CH, 


CH3 
I 


(CH3)3i^-cH2-cci2-cci-cn3  (CH3)3i^'-c=c-c=cn2 

1  * 


CH, 


o 


(CH3)3N  +  CH3--C=CH-C-0H 


(VI) 
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TABLE  2.  Results  of  Alkaline  Decomposition  of  lodomethylates  at  110' 
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CH2=C— CC1=CH2  28  88—92  1.4671  0.62  Polymerized  readily  on  standing.  Gave  a  yellow 

CH3  precipitate  with  Ilosvay  reagent 


EXPERIMENTAL 

1.  Determination  of  ^e  comparative  dehydrochlorination  rates  of  amines  and  their  iodomethylates.  A  so¬ 
lution  of  0.005  mole  of  the  substance  tested  in  20  ml  of  a  10%  alcohol  solution  of  sodium  hydroxide  was  kept  at  room 
temperature.  The  solution  was  then  diluted  to  a  definite  volume  and  the  amount  of  chlorine  ion  formed  determined 
in  gram-atoms  pet  mole  of  compound  taken.  These  data  are  given  in  Table  1. 

2.  Dehydrochlorination  of  iodomethylates  for  determining  the  order  of  elimination  of  the  elements  of  hydrogen 
chloride.  To  an  alcohol  solution  of  the  iodomethylates  (Ila)  and  (Ilia)  was  added  an  alcohol  solution  of  an  equi- 
molecular  amount  of  alkali.  The  reaction  mixture  was  left  at  room  temperature  overnight.  The  precipitated  salt 
was  collected  (90-95%).  The  dehydrochlorinated  quaternary  ammonium  salt  was  isolated  from  the  filtrate  by  crystal¬ 
lization.  The  melting  point  of  the  salt  obtained  and  a  mixed  melting  point  with  the  iodomethylate  of  the  dehydro¬ 
chlorination  product  of  the  corresponding  amine  were  determined.  The  data  obtained  are  given  in  Table  1. 

3.  Alkaline  decomposition  of  iodomethylates.  A  20-25%  water-dimethylene  glycol  solution  of  alkali  was 
gradually  added  with  stirring  to  the  quaternary  ammonium  salt,  heated  on  a  sand  bath.  The  low -boiling  reaction 
products  were  removed  from  the  reaction  medium  as  they  were  formed.  The  trimethylamine  was  trapped  in  a  titra¬ 
tion  solution  of  hydrochloric  acid.  The  amine  yield  was  90-95%.  The  other  data  are  given  in  Table  2. 

4.  Preparation  of  0 -methylacrylic  acid.  To  1.8  g  of  trimethyl-(2,2,3-dichloro-3-methylbutyl)ammonium 
iodide  was  added  a  solution  of  2  g  of  sodium  hydroxide  in  20  ml  of  alcohol.  An  exothermal  reaction  with  the  libera¬ 
tion  of  trimethylamine  began  immediately.  After  15  min,  die  mixture  was  diluted  to  100  ml  with  water  and  the 
ionic  chlorine  content  determined.  Acidification  of  this  solution  and  extraction  yielded  0.45  g  (90%)  of  an  acid  with 
m.p.  70”,  which  did  not  depress  the  melting  point  of  ft -methacrylic  acid. 

SUMMARY 

A  study  was  made  of  new  examples  of  the  dehydrochlorination -decomposition  of  haloalkyl -containing  quater¬ 
nary  ammonium  salts  with  aqueous  alkali,  which  forms  dienes  and  enynes  with  conjugated  multiple  bonds  and  also 
an  a,  0  -unsaturated  carboxylic  acid. 
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As  was  established  previously  [1-3],  the  reduction  of  aromatic  compounds  with  solutions  of  alkali  and  alkaline 
earth  metals  in  liquid  ammonia  proceeds  by  an  ionic  mechanism  and  leads  to  compounds  of  die  1,4-cyclohexadiene 
series;  an  electron-donor  substituent  is  always  at  one  of  the  double  bonds  of  the  diene  system  formed.  On  the  other 
hand,  it  is  reported  in  the  literature  [4]  that  during  the  action  of  sodium  in  liquid  ammonia  and  methanol  on  homologs 
of  vinylcyclopropane,  the  double  bond  is  reduced  and  the  3-membered  ring  is  retained,  i.e.,  despite  conjugation  with 
the  double  bond,  the  3-membered  ring  is  stable  under  reducing  conditions. 

In  the  present  work  we  studied  the  reduction  of  phenylcyclopropane  and  p-tolylcyclopropane  with  solutions  of 
metals  in  liquid  ammonia  and  alcohol.  It  was  established  that  despite  conjugation  with  the  benzene  ring  [5,  6],  the 
3-membercd  ring  in  these  hydrocarbons  is  unchanged,  while  the  benzene  ring  is  converted  to  a  1,4-cyclohexadiene 
ring. 

Thus,  treatment  of  phenylcyclopropane  with  sodium  or  lithium  in  liquid  ammonia  and  methanol  yielded  1- 
cyclopropylcyclohexadiene-1,4  (85*70  yield). 

\=^/  \l  CHiOH  \ _ 'Z  \l 

p-Tolycyclopropane  was  converted  to  l-methyl-4-cyclopropylcyclohexadiene-l,4  (90%  yield)  by  the  same 
reaction. 


CIU— 


\_/ 


Na/NH, 

CHjOlf 


Clh 


\_ 


\ 


Thus,  the  reducing  action  of  metals  in  liquid  ammonia  and  alcohol  is  directed  toward  the  benzene  ring  of 
arylcyclopropanes  in  the  same  way  as  in  other  low -temperature  (-50°  to  -25°)  reactions  of  phenylcyclopropane, 
namely  nitration  [7]  and  acylation  [8]. 

The  Raman  spectrum  of  the  l-cyclopropylcyclohexadiene-1,4  obtained,  which  contains  two  double  bonds  with 
different  degrees  of  substitution,  had  only  one  intense  frequency  in  the  region  of  ~1600  cm"^,  which  is  character¬ 
istic  of  a  double  bond  (1688  cm"^).  For  comparison,  we  examined  the  Raman  spectrum  of  1-methylcyclohexadiene- 
1,4,  which  has  a  similar  structure.  The  investigation  showed  that  the  spectrum  of  this  hydrocarbon  also  contains 
only  one  intense  frequency  in  the  region  of  ~1600  cm“^  and  that  is  at  1696  cm“^.  In  both  cases  this  frequency 
was  displaced  toward  longer  wavelengths  in  comparison  with  the  position  of  the  corresponding  frequency  in  the 
spectrum  of  the  1 -substituted  cyclohexene  (1676  cm"^  [9]).  It  is  interesting  to  note  that  similar  comparative  data 
may  be  quoted  for  the  spectra  of  cyclohexadiene-1,4  (1676  cm"^  [10])  and  cyclohexene  (1654  cm"^  [11]). 
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To  demonstrate  the  structure  of  the  l-cyclopropylcyclohexadiene-1,4  obtained,  we  hydrogenated  it  in  the 
presence  of  a  copper -chromium  catalyst.  The  work  of  Slabey  [12]  shows  that  the  catalytic  hydrogenation  of  vinyl- 
cyclopropanes  at  100-130*  over  a  copper -chromium  catalyst  is  not  accompanied  by  "conjugated"  hydrogenolysis 
of  the  three -membered  ring;  we  therefore  expected  the  conversion  of  cyclopropylcyclohexadiene  to  cyclopropyl- 
cyclohexene  or  cyclopropylcyclohexane  in  this  reaction.  As  a  result  of  the  difference  in  the  ease  of  catalytic  hydro 
genation  of  unsaturated  hydrocarbons,  depending  on  the  number  of  substituents  at  the  double  bond,  we  were  able  to 
find  conditions  under  which  only  the  unsubstituted  double  bond  of  the  six -membered  ring  was  hydrogenated;  under 
more  drastic  conditions,  the  substituted  cyclic  double  bond  was  also  hydrogenated.  Thus,  catalytic  hydrogenation 
of  l-cyclopropylcyclohexadiene-1,4  at  100  atm  and  95*  in  the  presence  of  a  copper -chromium  catalyst  yielded 
1-cyclopropylcyclohexene;  the  hydrogenation  was  accompanied  by  an  irreversible  catalytic  reaction  of  the  cyclo¬ 
propylcyclohexadiene  (20  *5^)  with  the  formation  of  phenylcyclopropane*  and  1-cyclopropylcyclohexene,  which  was 
not  hydrogenated  further  under  the  given  conditions  (cyclopropylcyclohexane  was  not  found  in  the  catalyzate). 


H,.  looatrn 
Cu/Cr,  9b<>* 


<z>-^ 

<z>-^ 


(~10»/o) 

(~900/o) 


At  a  somewhat  higher  temperature  (125"),  the  substituted  double  bond  of  1-cyclopropylcyclohexene  was 
hydrogenated  smoothly  to  form  cyclopropylcyclohexane. 


/  \_/\  H,.  100  atm  / - \  _/| 

\ _ \1  Cu/Cr,  125°  \ _ /  \1 


In  accordance  with  the  observations  of  Slabey  [12]  mentioned  above,  in  none  of  the  experiments  on  the  hydro¬ 
genation  of  1-cyclopropylcyclohexene  over  a  copper— chromium  catalyst  did  we  find  products  from  the  hydrogenoly¬ 
sis  of  the  three -membered  ring,  namely,  propyl-  and  isopropylcyclohexane  (within  the  limits  of  error  of  spectroscopic 
determination). 

The  products  of  partial  and  complete  catalytic  hydrogenation  of  l-cyclopropylcyclohexadiene-1,4  were  shown 
to  be  1-cyclopropylcyclohexene  and  cyclopropylcyclohexane  by  their  Raman  spectra  and  also  by  synthesis  of  the 
latter  (by  the  method  of  Simmons  and  Smith  [13]). 


s  <z>z 

From  both  preparations  of  cyclopropylcyclohexane  we  obtained  crystalline  organomercury  compounds  by  the 
reaction  we  described  previously  [4]  (a  mixed  melting  point  was  not  depressed). 

N-cii-CHg-cna  _ \-cn-cn2-c1i2i 

OH  HgOCOCIIa  Oil  llgC! 

Thus,  by  the  successive  application  of  two  reactions  which  proceed  by  different  mechanisms,  namely,  ionic 
reduction  with  solutions  of  metals  in  liquid  ammonia  and  methanol  and  hydrogenation  in  the  presence  of  copper- 
chromium  catalyst,  we  were  able  to  convert  cyclopropylbenzene  (phenylcyclopropane)  into  all  its  possible  reduction 
products:  l-cyclopropylcyclohexadiene-1,4,  1-cyclopropylcyclohexene,  and  cyclopropylcyclohexane. 

EXPERIMENTAL 

Reduction  of  arylcyclopropanes  with  solutions  of  metals  in  liquid  ammonia  and  methanol.  To  a  cooled  so¬ 
lution  of  the  hydrocarbon  to  be  reduced  in  absolute  ether  (the  temperature  of  the  cooling  mixture  was  kept  at  -50 

*  In  a  separate  experiment  it  was  shown  that  phenylcyclopropane  remains  unchanged  under  the  given  hydrogenation 
conditions  (100  atm  and  100-150"). 
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to  -70°)  was  added  liquid  ammonia  and  then  finely  cut  lithium  or  sodium  was  introduced  (through  a  side-arm  fitted 
with  a  tube  with  alkali)  until  a  homogeneous  solution  was  formed.  Methanol  was  then  added  dropwise  to  the  reac¬ 
tion  mixture  from  a  dropping  funnel  until  the  color  of  the  solution  disappeared  completely.  The  temperature  of  the 
reaction  mixture  was  allowed  to  rise  slowly  to  room  temperature,  the  mixmre  poured  into  water,  and  the  hydrocar¬ 
bon  extracted  with  ether;  the  ether  extract  was  washed  with  water  and  dried  with  calcium  chloride.  After  removal 
of  the  ether,  the  hydrocarbon  was  distilled  over  sodium  and  then  fractionated  on  a  column  (40  theoretical  plates). 

The  Raman  spectrum  of  the  reduction  product  was  examined  and  the  product  was  retreated  (with  metal  in 
liquid  ammonia  and  alcohol)  if  it  was  found  to  contain  some  of  the  starting  aromatic  hydrocarbon,  which  was  dif¬ 
ficult  to  separate  by  distillation  on  a  column. 

Reduction  of  phenylcyclopropane  with  lithium  in  liquid  ammonia  and  methanol.  Two  reductions  of  100  g  of 
phenylcyclopropane  (b.p.  173'  at  754  mm,  n^  1.5340,  d^®  0.9440;  literature  data  [5])  with  a  solution  of  lithium 
(100  g  in  each  reduction)  in  liquid  ammonia  (1.5  liter  in  each  case)  and  methanol  (500  ml  in  each  case)  yielded 
85  g  (~85%)  of  l-cyclopropylcyclohexadiene-1,4. 

B.  p.  179'  (732  mm),  n^  1.5035,  d^°  0.9170,  MRp  39.31.  CgHcFa  A.  Calculated  39.14. 

Found  %:  C  89.88,  89.82;  H  10.29,  10.20.  CgHjz.  Calculated  %.  C  89.97;  H  10.03. 

The  Raman  spectrum*  of  the  l-cyclopropylcyclohexadiene-1,4  synthesized  for  the  region  200-1700  cm“'  is 
given  below  (the  line  intensities  were  measured  visually;  the  intensity  of  the  line  at  1427  cm“^  was  taken  as  10  units). 

210  (1  broad),  310  (1),  373  (1.5),  401  (0.5  broad),  474  (0.5),  528  (0),  556  (1.5),  663-669  (0.8),  698  (2.5  broad), 
725  (0),  769  (0),790  (0.5),  814  (1.5  broad),  824  (0),  862  (3),  885  (0.8),  904  (0.5),  912  (0.5),  927  (0),  963  (0),  978  (2.5), 
1022  (0),  1054  (1),  1085-1117  (0.5  diffuse),  1144  (0.5),  1173  (3.5),  1196  (0.5),  1216  (6  broad),  1240  (0.5),  1267  (0.5), 
1296  (2  broad),  1323  (0),  1346  (0.5),  1355  (0.8),  1397  (1),  1427  (10),  1460  (2.5),  1645  (0.8),  1688  (12). 

Judging  by  the  spectrum  given,  the  l-cyclopropylcyclohexadiene-1,4  synthesized  did  not  contain  any  of  the 
starting  aromatic  hydrocarbon  (tliere  were  no  intesne  lines  at  621,  1000,  and  1607  cm"^  [5]). 

Reduction  of  phenylcyclopropane  and  p-tolylcyclopropane  with  sodium  in  liquid  ammonia  and  methanol. 

Three  reductions  (by  the  procedure  given  above)  of  100  g  of  phenylcyclopropane  with  sodium  (100  g  in  each  case) 
in  liquid  ammonia  (1  liter  in  each  case)  and  methanol  (250  ml  in  each  case)  yielded  80  g  (~  80%)  of  1-cyclo- 
propylhexadiene-1,4  with  b.p.  179'  (731  mm),  n|)  1.5035.  The  Raman  spectra  of  the  two  cyclopropylcyclohexadiene 
pM'eparations  coincided  completely. 

The  reduction  of  p-tolylcyclopropane  (100  g,  b.p.  195'  at  746  mm,  np  1.5280,  d4®  0.9239;  literature  data  [5]) 
required  only  two  treatments  with  a  solution  of  sodium  (100  g  in  each  case)  in  liquid  ammonia  (1  liter  in  each  case) 
and  methanol  (250  ml  in  each  case);  we  obtained  90  g  (~90%)  of  l-methyl-4-cyclopropylcyclohexadiene-l,4. 

B.  p.  197'  (750  mm),  n^  1.5000,  d^4®  0.9079,  MRp  44.20.  C10H14F2A.  Calculated  43.76. 

Found  %:  C  88.97,  89.12;  H  10.19,  10.28.  •  C10H14.  Calculated  %;  C  89.50;  H  10.50. 

The  Raman  spectrum  of  the  hydrocarbon  obtained  was  determined  (the  line  intensities  were  measured  visually; 
the  intensity  of  the  line  at  1427  cm"^  was  taken  as  10  units). 

315  (2),  340  (0.5),  375  (2.5  broad),  434  (1.5),  474  (2),  518  (1.5)  575  (4),  612  (0),  643  (0.5),  695  (1),  753  (8), 

817  (1.5  broad),  833  (1),  884  (4  broad),  943  (1),  960  (1.5),  1014  (1.5),  1040  (1.5  double),  1107  (1.5  diffuse),  1135 
(1),  1144  (1),  1170  (2),^1196  (2),  1215  (3),  1227  (1),  1300  (2),  1367  (1),  1387  (1),  1427  (10),  1446  (1.5),  1459  (1.5), 
1620  (1),  1668  (1),  1699  (12). 

Reduction  of  benzene  and  toluene  with  lithium  in  liquid  ammonia  and  methanol.  Benzene  and  toluene  (100  g 
of  each)  were  reduced  with  a  solution  of  100  g  of  lithium  in  1500  ml  of  liquid  ammonia  and  500  ml  of  methanol  by 
the  procedure  given  above.  The  cyclohexadiene-1,4  had  b.p.  88.5-89'  (759  mm),  nj^  1.4720,  which  correspond  to 
literature  data  [16].  l-Methylcyclohexadiene-1,4  had  b.p.  114-114.5'  (759  mm),  n^  1.4690,  which  correspond  to 
literature  data  [17]. 


*  The  apparatus  and  measurement  and  calculation  procedure  for  all  the  Raman  spectra  given  in  the  present  article 
were  described  in  our  previous  communications  [15]. 
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Examination  of  the  Raman  spectra  of  the  cyclohexadienes-1,4  obtained  showed  tliat  each  of  them  had  only  one 
intense  characteristic  frequency  in  the  region  of  ~1600  cm"^.  The  spectrum  of  cyclohexadiene-1,4  coincided  com¬ 
pletely  with  that  presented  in  the  literature  [10].  The  spectrum  of  l-methylcyclohexadiene-1,4  is  given  below  (the 
line  intensities  were  determined  visually;  the  intensity  of  the  line  at  1427  cm"*  was  taken  as  10  units). 

224  (0),  293  (0),  340  (1),  385  (0),  397  (0.5),  434  (0.5),  480  (1.5),  500  (0),  523  (0),  559  (1  broad),  594  (0), 

651  (0),  687  (0),  701  (0),  742  (5),  788  (0.5),  805  (0.5),  889  (1),  910  (0.5),  930  (0),  956  (0),  978  (1),  1040  (0.5  bkg), 
1055  (0.5),  1085  (0.5),  1117  (1),  1144  (0),  1180  (3),  1196  (1.5  broad),  1240  (0),  1267  (1),  1301  (1.5),1324  (0),  1364 
(1  diffuse),  1427  (10),  1455  (2),  1632  (0),  1652  (0),  1668  (0),  1696  (8). 

Hydrogenation  of  l-cyclopropylcyclohexadiene-1,4  over  a  copper— chromium  catalyst,  a)  A  40-g  sample  of 
l-cyclopropylcyclohexadiene-1,4  in  anhydrous  alcohol  (15  ml)  was  hydrogenated  in  an  autoclave  at  100  atm  and 
95°  over  5  g  of  copper-chromium  catalyst  deposited  on  barium  oxide.  The  addition  of  hydrogen  ceased  after  the 
absorption  of  6  liters  (~  S(flo)  of  the  hydrogen  required  far  one  of  the  two  double  bonds  of  1-cyclopropylcyclo- 
hexadiene-1,4).  The  catalyzate  was  filtered,  washed  with  water,  dried  with  calcium  chlc^ide,  and  distilled  over 
sodium;  it  had  b.p.  167-169°  (731  mm),  n^  1.4890.  Fractionation  of  the  reaction  products  on  a  column  of  80  theo¬ 
retical  plates  yielded  phenylcyclopropane  with  b.p.  172°  (746  mm),  n^  1.5331  (10*70  of  the  catalyzate  weight)  and 
1-cyclopropylcyclohexene  (90%  yield). 


B.  p.  168.3*  (747  mm),  ng  1.4865,  d^®  0.8845,  MRp  39.71.  C:9Hi4F  A.  Calculated  39.60. 

Found ‘7«»:  C  88.35,  88.50;  H  11.68,  11.59.  C9H14.  Calculated  C  88.49;  H  11.51. 

b)  Hydrogenation  of  30  g  of  1-cyclopropylcyclohexene  at  100  atm  and  125"  in  the  presence  of  5  g  of  copper  — 
chromium  catalyst  (the  theoretical  amount  of  hydrogen,  5.5  liters,  was  absorbed)  yielded  cyclopropylcyclohexane 
(almost  quantitative  yield). 

B.  p.  157.5-158*  (755  mm),  n^  1.4560,  d^®  0.8368,  MRp  40.31.  CgHjgA.  Calculated  40.07.  Vitrified  on  cooling. 

Found  %;  C  87.15,  86.98;  H  12.99,  13.00.  C9H16.  Calculated  %:  C  87.04;  H  12.96. 

The  table  gives  the  Raman  spectra  of  the  two  hydrogenation  products,  namely,  1-cyclopropylcyclohexene  and 
cyclopropylcyclohexane.  The  intensities  of  the  spectral  lines  were  determined  photometrically  on  the  generally 
accepted  cyclohexane  scale,  in  which  the  integral  intensity  (optical  widdi  of  the  slit  35  cm"^)  of  the  line  at  802  cm"^ 
equals  500  units/mole  and  the  analytical  intensity  (optical  width  of  the  slit  17  cm"^)  of  this  line  equals  320unitsAnole. 

The  presence  of  a  three -membered  ring  in  the  two  hydrocarbons  was  confirmed  by  intense  lines  at  1208  and 
1195  cm"^,  respectively.  In  the  spectrum  of  1-cyclopropylcyclohexene,  which  is  a  hydrocarbon  with  a  conjugated 
system  of  a  double  bond  and  a  three-membered  ring,  the  characteristic  frequency  of  the  double  bond  (1666  cm"') 
had  the  same  integral  intensity  (668)  as  the  double-bond  lines  in  the  spectra  of  viqylcyclopropane  (660)  and  iso- 
propcnylcyclopropane  (620)  [6]. 

Synthesis  of  cyclopropylcyclohexane  by  methylenation  of  vinylcyclohexane.  To  a  suspension  of  finely  powdered 
zind- copper  couple  (prepared  by  precipitation  of  copper  onto  zinc  powder  from  2%CuS04  solution  [18])  in  an  ether 
solution  of  vinylcyclohexane*  (225  g,  b.p.  125.7"  at  743  mm,  np  1.4465;  literature  data  [19];  b.p.  125*  at  740  mm; 
Uq  1.4470)  was  added  1  kg  of  distilled  methylene  iodide  over  a  period  of  50  hr  with  vigorous  stirring;  the  reaction 
was  carried  out  with  the  ether  boiling  gently.  The  ether  solution  of  the  hydrocarbon  was  decanted  from  the  precipi¬ 
tate  of  salts  (which  were  washed  again  with  ether),  washed  with  water  and  dried  with  calcium  chloride;  the  ether 
was  removed  and  the  residue  distilled  over  sodium.  The  hydrocarbon  mixture  obtained  was  fractionated  on  a  col¬ 
umn  (40  theoretical  plates)  to  yield  unreacted  vinylcyclohexane  [b.p.  127.5*  (759  mm),  nf)  1.4460;  125  g,  55.6% 
of  that  taken  for  the  reaction]  and  the  cyclohexylcyclopropane  formed  (55  g;  50%,  calculated  on  the  vinylcyclo¬ 
hexane  reacting). 

B.  p.  157.3*  (746  mm),  ng  1.4535,  d4®  0.8393,  MR^  40.01.  C9H16A.  Calculated  40.07. 

The  Raman  spectrum  of  the  cyclopropylcyclohexane  synthesized  coincided  completely  with  that  presented 
above.  Both  cyclopropylcyclohexane  samples  were  characterized  by  the  preparation* ‘of  a  crystalline  organomercury 
compound,  namely,  3-hydroxy-3-cyclohexylpropylmercuric  chloride  with  m.p.  115*  (from  ligroin). 

Found  %:  C  28.38,  28.31;  H  4.48  ,  4.55.  CgHiTOHgCl.  Calculated  %:  C  28.65;  H  4.54. 

A  mixture  of  the  mercuric  chlorides  prepared  from  the  two  cyclopropylcyclohexane  samples  had  the  same 
melting  point  (115°). 

SUMMARY 

1.  Reduction  of  phenylcyclopropane  with  metals  Githium  or  sodium)  in  liquid  ammonia  and  methanol  formed 
l-cyclopropylcyclohexadiene-1,4. 

2.  Hydrogenation  of  l-cyclopropylcyclohexadiene-1,4  over  a  copper —chromium  catalyst  at  100  atm  and  95* 
proceeded  selectively  at  the  unsubstituted  double  bond  to  form  1-cyclopropylcyclohexene;  the  latter  was  hydrogenat¬ 
ed  under  the  same  conditions,  but  at  125°,  to  cyclopropylcyclohexane. 


*  The  vinylcyclohexane  [19]  was  obtained  (75%  yield)  by  pyrolysis  of  cyclohexylethyl  acetate  at  475-500*.  Accor¬ 
ding  to  the  Raman  spectrum  (characteristic  frequency  1640  cm"'),  the  vinylcyclohexane  synthesized  did  not  contain 
isomeric  hydrocarbons  with  the  double  bonds  in  a  different  position. 

*  *  Cyclohexylcyclopropane  was  treated  with  mercuric  acetate  in  an  aqueous  solution  at  7*  (until  the  hydrocarbon 
layer  disappeared).  However,  even  under  these  mild  conditions  there  was  considerable  oxidation  of  the  hydrocarbon 
(the  formation  of  considerable  amounts  of  mercurous  salt)  and  the  organomercury  compound  was  obtained  with  low 
yield. 
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3.  The  structures  of  the  products  obtained  by  partial  and  complete  reduction  of  phenylcyclopropane  were 
confirmed  by  the  Raman  spectra;  the  final  hydrogenation  product  was  also  shown  to  be  cyclopropylcyclohexane  by 
synthesis  of  the  laner  and  the  preparation  of  a  crystalline  organomercury  compound  from  bodi  samples  of  this  hydro¬ 
carbon. 

4.  Like  the  spectra  of  other  cyclohexadienes-1,4,  the  Raman  spectrum  of  l-cyclopropylcycl6hexadiene-l,4 
has  only  one  intense  line  in  the  region  of  ~1600  cm~^,  which  is  displaced  toward  longer  wavelengths  in  comparison 
with  the  same  line  in  the  spectra  of  corresponding  cyclohexenes. 
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REACTIONS  OF  THE  METHYLENE  GROUP  OF  2,2,5,5“ 
TETRAALKYLFURANIDONES-3 
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In  a  previous  communication  [1]  it  was  reported  that  steam  distillation  of  the  Mannich  base  from  2,2,5,5-tetra- 
methylfuranidone-3,  tetramethylmethylenediamine,  and  dimethylamine  hydrochloride  forms  4-methylene-2,2,5,5- 
tetramethylfuranidone-3.  In  die  present  work  it  was  established  that  this  is  a  general  reaction  and  the  hydrochlorides 
of  similar  Mannich  bases  from  2, 5-dimethyl-2, 5-diethyl-,  2,2,5,5-bistetramethylene-,  and  2,2,5,5-bispentamethylene- 
furanidones-3  (42-53%  yields)  give  the  corresponding  4-methylene-2,2,5,5-tetraalkylfuranidones-3  in  yields  of  54- 
74%  on  steam  distillation.  In  contrast  to  4-methylene-2,2,5,5-tetramethylenefuranidone-3  which  polymerizes  very 
readily  [1],  these  methylene  ketones  were  stable  for  several  days.  Their  hydrogenation  in  the  presence  of  palladium 
on  barium  sulfate  gave  4-methyl-2,2,5,5-tetraalkylfuranidones-3. 

The  2,2,5,5-tetraalkylfuranidones-3  reacted  readily  with  dimethyl  oxalate  to  give  methyl  esters  of  2,2, 5,5- 
tetraalkylfuranidon  -3-yl-4-glyoxylic  acid  (48-78%  yields)  which  illustrates  the  liability  of  the  hydrogen  of  the  a- 
methylene  group  of  these  ketones,  which  condenses  with  esters  of  various  soructures  [2]. 


.cn2N(cn3)2  •  nci 
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■\l  1/ 

(I,  II.  Ill) 
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R^  l/R 

(IV,  V,  VI) 

0^  ^COCOOCHa 

"nT'I/'' 


Osv  /CHa 

"xTb" 

r'/^O'^Xr/ 

(VII,  VIII,  IX) 


R 


R' 


R'/^O^Xr^ 

(X,  XI,  XII) 

(i.  IV.  Vit)  R  =  CH,.  R'  =  c,n.;  (ii.  v,  viii,  xi)  =  I  -  (iii,  vi.  ix.  xii)  \  ^ 

R'^  \ - 1  R'/  \ - / 


(X)  R«:  R'=:CH,. 


The  substituted  glyoxalates  we  obtained  gave  an  intense  coltx  with  ferric  chloride  solution.  They  were  stable 
and,  in  contrast  to  most  glyoxalates  obtained  from  alicyclic  ketones  [3],  they  were  not  decarboxylated  on  heating 
to  170-180*. 

In  the  work  of  Dupont  [4]  and  also  of  two  of  us  [5],  it  was  shown  that  the  methylene  group  of  2,2,5,5-tetraalkyl 
furanidones-3  reacts  readily  with  aromatic  aldehydes  in  the  presence  of  alkaline  agents  to  form  4-arylidene-2,2,5,5- 
tetraalkylfuranidones-3.  This  reaction  was  used  to  synthesize  2,2,4,4-tetramethylfuranidino-(3,  4)-quinoline  (the 
yield  was  not  reported)  [6],  which  was  obtained  by  the  reaction  of  2,2,5,5-tetramethylfuranidone-3  and  o-nitro- 
benzaldehyde  with  subsequent  reduction  of  the  4-(o-nitrobenzylidene)-2,2,5,5-tetramethylfuranidone-3  obtained. 

We  established  that  2,2,5,5-tetraalkylfuranidones-3  also  react  very  readily  with  o-aminobenzaldehyde  to  give 
directly  2,2,4,4-tetraalkylfuranidino-(3,4)-quinolines,  which  are  obtained  in  yields  of  78-92%. 
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TABLE  1. 


Name  and  empi- 1 

Yield 

M  Ifj, 

Analysis 

M.p. 

B.p. 

rical  formula  | 

P 

found 

calc. 

found 

calc. 

4  -Dimethylamino- 

42 

128.5- 

N  5..32, 

N  5.31 

methyl -2, 5-di- 
methyl-2,5-di- 

129.8° 

5.41 

ethylturanidone  -3 

hydrocWoride 
(MaNaANCl  (I) 

4 -Dimethylamino- 

C  62.26, 
62.30 

11  9  19 

C  62.58, 

methyl-5, 2,5,5- 
bistetta  methylene 

53 

153 

11  9.11, 

furanidone-3  hy- 

1.54 

— 

— 

— 

— 

—  ’ 

9.21 ' 

drochloride 

N  4.95, 

N  4.87 

G,5H.,«02NCI  (II) 

4.74 

4-Dimethylamino- 

methyl-2,2,5,5- 

C  64.50. 
64  32 

C  64.69, 

bispentamethyl- 

enefuranidone-3 

44 

164- 

165 

— 

— 

— 

— 

— 

11  9.47, 
9.41 

11  9.57, 

hydrochloride 

N  4.43, 

N  4.45 

CnllaoOaNCl  (III) 

4.24 

4 -Methylene -2 ,5  - 

C  72.59. 

C  72.49, 

dimethyl -2,5 -di- 
ethylfuranidone  -3 

6i) 

— 

73- 
74°  (8) 

1.4539 

0.9432 

52.32 

51.99 

72.61 

H  10.26, 

H  9.96 

’■11^*18^2  (*^) 

10.28 

4-Methylene-2,2,5, 

143- 

145 

(25) 

I 

C  75.48. 

C  75.69, 

5-bistetramethyl- 

enefuranidone-3 

74 

— 

1..5010 

1.0677 

56.9 

56.82  j 

75.34 

H  8.81 

H  8.80 

Ci;iH)8^2  (^) 

1 

8.87 

4  -  Methylene  -2 ,2 ,5 , 

G  76.65. 

G  76.88, 

5-bispentamethyl- 

enefuranidone-3 

54 

— 

1.38— 

140(6) 

1.5064 

1.0606 

65.82 

66.06  1 

76.62 

H  9.51, 

11  9.47 

C,5M2..02  (VI) 

1 

9.50 

4-Methyl-2,5-di- 

j 

C  71.43. 

G  71.69, 

methyl -2, 5rdi- 
ethylfuranidone  -3 
CnHzoOz  (VII) 

89 

— 

129 

(84) 

1 .4399 

0.9.303 

52.17 

.52.45  j 

71  .,37 

H  10.90, 

II  10.94 

( 

10.78 

2,4-  Dinitrophenyl  - 

101.5- 

N  15.25, 

N  15.38 

hydrazone 

Cnll2405N4 

102.5 

-  1 

15.21 

4-Methyl-2,2,5,5- 

1 

C  74.60, 

G  74.96, 

blstetra  methylene 
furanidone-3 

88.5 

— 

120— 

121(7) 

1 .4846 

1.0450 

57.06 

57.29  j 

74.72 

H  9.61 

H  9.68 

C,3H2«02  (VIll) 

1 

9.73 

2,4 -Dinitrophenyl- 
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f 

N  14.58, 

N  14.43 

hydrazone 

C,oll2405N4 

164.5 

-  { 

14.68 
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C  76.10, 

G  76.22, 

bispentamethylene 

- 

145— 

1.4!)19 

1.0354 

66.21 

66.52  J 

76.03 

furanidone-3 

92 

— 

146  (7) 

H  10.36 

II  10.24 

C,5H2402  (IX) 

1 

10.42 

2 ,4  -Dinitrophenyl  - 

141  — 

N  13.64, 

N  13.46 

hydrazone 

(:2,ll2805N4 

142 

1 

1 

-  \ 

13.69 

769 
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Methyl  esters  of 
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MR,  1 

c 

•/. 

H 

2,2,5,5-tetraalkyl 

furanidon-3-yl-4- 
glyoxylic  acids 

M.p. 

1 

n» 

found 

calc. 
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calCi 

found 

calc. 

2,2,5,5-Tetra- 
methyl- 
CnHieOs  (X) 

57.5 

B.p. 

98— 9!)° 
(3mn| 

1.4840 

1.1288 

54.35 

54.00 

57.72, 

57.99 

.57.88 

7.03, 

7.01 

7.07 

2,2,5.5-Bistetra- 
methylene- 
C.sHmOs  (XI) 

78.5 

69-70 

64.02, 

64.23 

64.27 

7.28, 

7.25 

7.19 

2,2,5,5-Bispenta- 

methylene- 

48 

93-94 

_ 

66.34. 

66.51 

66.20 

7.88, 

7.96 

7.85 

C,7H2405  (XII) 

TABLE  3. 


2,2,4,4-Tet^amethylfur- 

Yield 

%c  1 

•/o 

H 

•/. : 

N 

M.p. 

anidino-<3,4)-qui  nolines 

(%) 

found 

calc. 
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calc. 
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calc. 

2,2,4 ,4-Tetramethyl- 
GisHitON  (XIII) 

92.5 

114-115'" 

79.36, 

79.26 

7.65, 

7.54 

5.86, 

6.16 

79.27 

7.57 

5.93 

Picrate  C21H20O8N4 

— 

240-242 

— 

— 

— 

— 

12.11, 

12.16 

12.28 

1 

2 ,4  -Dimethyl  -2,4  -diethyl 

Thick  undistillable  oil 

C,7M2,bN  (XIV) 

Picrate  C23H24O8N4 

1 

— 

181—182 

— 

— 

_  ' 

— 

11.57, 

11.36 

11.56 

2 ,2,4 ,4  -  Bistetramethylene  - 

80.5 

95-96 

81.47, 

81.68 

7.81, 

7.58 

4.75, 

5.01 

C,„H2,0N  (XV) 

81.45 

7.86 

4.86 

Picrate  C25H24O8N4 

— 
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— 

— 

— 

— 
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11.23 
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C2,H2.sON  (Xvi) 

78 
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82.08 

8.03, 

8.20 

4.22, 

4.56 

81.97 

8.16 

4.15 

Picrate  G27H28G8N4 

— 

232-234 

60.50, 

60.45 

,5.41, 

5.45 

10.22. 

10.44 

60.70 

5.43 

10.02 

r/\r»'^0 
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OCH 

\^\ 
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r/\r» 

(XIII-XVI) 
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■\ 


This  reaction,  which  makes  it  possible  to  prepare  tetraalkylfuranidinoquinolines  in  high  yields,  is  simpler  and 
more  convenient  than  the  reaction  with  o-nitrobenzaldehyde  [6]. 

EXPERIMENTAL 

Hydrochlorides  of  4-dimethylaminomethyl"2,2,5,5-tetiaalkyliuranidones-3.  A  mixture  of  0.1  mole  of  2,2,5, 5 
tetraalkylfuranidone-3,  0.1  mole  of  tetramethylmethylenediamine,  0.1  mole  of  dimethylamine  hydrochloride,  and 
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and  0.005  mole  of  freshly  prepared  o-aminobenzaldehyde  in  10  ml  of  anhydrous  alcohol  was  added  4  ml  of  bOPjo 
potassium  hydroxide  solution  dropwise,  the  mixture  left  overnight  and  then  diluted  with  water,  and  the  precipitated 
crystals  collected,  washed  with  water,  and  recrystallized  from  acetone.  The  constants  and  yields  of  the  substances 
obtained  are  given  in  Table  3. 

SUMMARY 

1.  Steam  distillation  of  the  hydrochlorides  of  the  Mannich  bases  obtained  from  2,2,5, 5-tetraalkylfuranidones- 
3  gave  4-methylene-2,2,5,5-tetraalkylfuranidones-3,  whose  hydrogenation  yielded  the  corresponding  pentaalkyl- 
furanidones-3. 

2.  Condensation  of  2,2,5,5-tetraalkylfuranidones-3  with  dimethyl  oxalate  yielded  methyl  esters  of  2,2, 5,5- 
tetraa Iky Ifur an idon  -3  -y  1  -4  -gly oxy lie  acids . 

3.  The  reaction  of  o-aminobenzaldehyde  with  2,2,5,5-tetraalkylfuranidones-3  may  be  used  as  a  general 
method  for  synthesizing  2,2,4,4-tetraalkylfuranidino-(3,4)-quinolines. 
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INVESTIGATION  IN  THE  FURAN  SERIES 

XIV.  REACTIVITY  OF  a-OXIDES  OF  THE  3,5-ENDOMETHYLENE- 

AND  3,6-ENDOXOCYCLOHEXANE  SERIES 

Yu.  K.  Yur’ev  and  N.  S.  Zefirov 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  840-844,  March,  1961 

Original  article  submitted  April  26,  1960 


A  detailed  study  of  a-oxides  of  the  endomethylenecyclohexane  series  showed  that  they  have  interesting 
peculiarities,  for  example,  considerable  resistance  to  nucleophilic  reagents.  Since  almost  nothing  is  known  of  the 
properties  of  a-oxides  of  the  3,6-endoxocyclohexane  series,  continuing  the  study  of  the  reactivity  of  the  adduct  of 
furan  and  maleic  anhydride  [1],  we  oxidized  it  with  hydrogen  peroxide  in  acetic  acid  in  the  presence  of  sulfuric 
acid  and  also  with  hydrogen  peroxide  in  formic  acid  and  obtained  an  a-oxide  of  the  endoxocyclohexane  series, 
namely,  exo-4,5-epoxy-3,6-endoxo-exo-cii-hexahydrophthalic  acid  (I).* 

We  established  that  when  boiled  with  acetyl  chloride,  the  oxide  (I)  gives  the  corresponding  anhydride  of  exo- 
4,5-epoxy-3,6-cndoxo-cxo-cis-hcxahydrophthalic  acid  (II),  which,  on  treatment  with  diethylamine,  forms  the  mono- 
N,N-diethylamide  of  exo-4,5-cpoxy-3,6-endoxo-exo-cis-hexahydrophthalic  acid  (III)  and  on  boiling  with  methanol, 
the  monometliyl  ester  of  exo-4,5-epoxy-3,6-endoxo-exo-cis-hexahydrophthalic  acid  (FV). 


On  boiling  with  methanol  in  the  presence  of  oleum,  the  oxide  (I)  and  also  (II)  and  (IV)  gave  the  corresponding 
dimethyl  ester  of  exo-4,5-epoxy-3,6-endoxo-exo-cis-hexahydrophthalic  acid  (V).  The  infrared  spectra  of  the  oxide 
(1)  and  die  dimethyl  ester  (V)  contained  the  frequencies  862  and  864  cm"^,  respectively,  which  confirm  the  structures 
of  these  compounds  as  the  frequency  ~865  cm"*  is  attributed  to  an  a-oxide  ring  [2]. 

The  main  characteristic  of  the  oxide  (I)  is  its  resistance  to  the  action  of  nucleophilic  reagents.  Thus,  we 
established  diat  the  epoxide  ring  of  the  oxide  (I)  and  the  dimethyl  ester  (V)  is  not  opened  by  the  action  of  water, 
amines,  and  acetic  anhydride  and  the  compounds  are  not  reduced  by  sodium  borohydride  in  dioxane.  The  oxide  (I) 
is  not  hydrogenated  under  normal  conditions  in  acetic  acid  in  the  presence  of  platinum.  The  stability  of  this  oxide 
is  also  indicated  by  the  method  of  its  syntliesis  by  the  action  of  the  oxidizing  agents  given  above,  as  such  conditions 
are  normally  used  for  the  preparation  of  a-glycols,  and  not  a-oxides  [3,  4].  The  analogous  a-oxide  of  the  endo¬ 
methylenecyclohexane  series,  namely,  exo-4,5-epoxy-3,6-endomethylene-exo-cis-hexahydrophthalic  acid,  is  also 
extremely  resistant  to  the  action  of  nucleophilic  reagents;  it  does  not  react  with  water,  trifluoroacetic  acid,  or 
acetic  anhydride  and  is  not  reduced  by  lithium  aluminum  hydride  at  -70“  or  sodium  borohydride  in  dioxane  [5-7). 


*  A  demonstration  of  the  exo-configuration  of  the  epoxide  ring  in  this  oxide  will  be  given  in  the  next  communica¬ 
tion  on  its  reactions. 
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There  is  a  close  relation  between  these  facts  and  the  exceptional  inertness  of  die  dibromides  (VI  a.b,  and  c) 
to  solvolysis,  reported  by  Berson  and  Swidler  [8],  which  is  reminiscent  of  the  inertness  of  a  halogen  at  the  head  of  the 
bridge  of  a  bicyclic  system.  It  was  found,  for  example,  that  the  rate  of  solvolysis  of  (Vic)  in  edianol  is  a 
factor  of  approximately  lo“-lo“  less  than  the  rate  of  solvolysis  of  isobornyl  chltxide. 


The  stability  of  the  oxides  examined  is  evidently  caused  by  a  combination  of  different  factors.  Thus,  the 
peculiar  geometry  of  the  endoxo-  and  the  endomethylenecyclohexane  iragment  strcxigly  hinders  bimolecular  sub¬ 
stitution  in  these  rigid  systems,  while  the  inductive  effect  of  the  carboxyl  group  simultaneously  hinders  ionization 
of  the  C-O  bond  in  the  oxide  (1)  and  its  endomethylene  analog  (die  a-oxide  may  react  by  an  Sj^l  mechanism  in 
neutral  and  acid  media  [9])  and  also  die  C-Br  bond  in  the  dibromides  (VI).  The  inductive  effect  of  the  oxygen 
atom  in  the  endoxocyclohexane  system,  which  should  act  in  the  same  direction,  is  apparently  insignificant  as  the 
reactivity  of  the  oxide  (I)  and  its  endomethylene  analog  are  qualitatively  identical.  In  addition,  it  is  known  [8] 
that  die  endomethylene  analog  of  the  dibromide  (VIb)  is  also  inert  to  solvolysis. 

Moreover,  it  is  known  [10-12]  that  the  elimination  of  a  halogen  or  tosylate  ion  from  the  exo-position  in  the 
endomethylenecyclohexane  system  proceeds  with  synarthetic  acceleration  due  to  delocalization  of  the  electrons  of 
the  C6~Ci  bond  and  leads  to  the  intermediate  formation  of  a  nonclassical  ion.  a-Oxides  of  this  series  may  also 
react  by  this  mechanism.  Thus,  endomethylene  cyclohexene  oxide  (Vn),  which  is  extremely  resistant  to  the  ac¬ 
tion  of  alkalis  [13],  readily  undergoes  opening  of  the  oxide  ring  in  an  acid  medium,  which  evidently  proceeds  by 
the  mechanism  given  above,  and  the  reaction  is  accompanied  by  a  Wagner— Meerwein  rearrangement  [14,  15].  Open¬ 
ing  of  the  oxide  (Vll)  by  hydrogen  bromide  proceeds  analogously  [16]. 


Thus,  the  reactivity  of  this  oxide  is  caused  by  its  capacity  to  form  a  nonclassical  cation.  It  is  interesting  to  note 
that  during  acid  hydrolysis,  endoeihylenecyclohexene  oxide  gives  a  normal  trans-diol,  which  is  explained  by  the 
lower  capacity  of  this  system  to  form  a  nonclassical  cation  [14]. 

In  die  case  of  the  oxide  (I)  and  its  endomediylene  analog,  delocalization  of  the  electrons  of  the  C2~C3  bond 
and  the  formation  of  a  nonclassical  cation  are  hindered  by  the  partial  positive  charge  on  Cg  due  to  die  inductive 
effect  of  the  carboxyl  group,  which  also  strongly  decreases  the  reactivity  of  these  oxides  in  comparison  with  the 
oxide  (Vn).  On  the  odier  hand,  if  the  delocalization  of  electrons  is  facilitated  by  structural  characteristics,  dien 
the  compound  will  have  a  higher  reactivity  toward  nucleophilic  reagents.  A  unique  example  of  this  type  is  the 
opening  of  the  oxide  ring  in  3*,6'-diacetoxybenzonorbomadiene  oxide,  which  occurs  not  only  in  an  acid,  but  also 
in  an  alkaline  medium  and  is  accompanied  by  a  Wagner -Meerwein  rearrangement  [13,  17]. 

We  should  also  point  out  known  cases  of  intramolecular  opening  of  an  a-oxide  ring  in  a-oxides  of  the  type 
of  bicycle  examined.  Thus,  I.  N.  Nazarov,  V.  F.  Kucherov,  and  V.  G.  Bukharov  noted  [6]  that  with  a  carboxyl 
present  in  the  endo-position,  as  occurs  in  the  epoxyendomethylenecycltrfiexanedicarboxylic  acids  (Vni)  and  (IX), 
opening  of  the  oxide  ring  occurs  extremely  readily  and  is  accompanied  by  lactonization;  the  same  is  observed  with 
the  epoxyendomethylenecarboxylic  acid  (X)  [18].  This  is  apparently  caused  by  stereochemical  factors,  namely, 

COOH  COOH  COOH 

IVIll)  (BO  (X) 


773 


the  favorableness  of  the  configuration  of  such  compounds  for  attack  on  the  oxide  ring  by  the  anion  of  the  endo- 
carbonyl  group.  In  the  same  way,  we  can  explain  the  ease  of  elimination  of  bromine  during  alkaline  hydrolysis  of 
4,7-dibromo-3,6-endomethylene-exo-hexahydrophthalic  anhydride  to  the  corresponding  dilactone  [19]  and  also 
examples  of  lactonization  during  halogenation  of  unsaturated  compounds  of  these  bicyclic  systems  in  an  aqueous 
medium  [20-22].  It  is  interesting  that  an  attempt  to  prepare  the  oxide  from  endo-hydroxymethylendomethylene- 
cyclohexene  (XI)  yielded  only  the  hydroxy  derivative  (XII),  while  l-hydroxymethylcyclohexene-3  gave  the  corre¬ 
sponding  a -oxide  [18]. 


EXPERIMENTAL 

Exo-4,5 -epoxy -3,6 -endoxo-exo-cis-hexahydrophthalic  acid  (I),  a)  A  mixture  of  100  g  of  3,6-endoxo-cis- 
exo-A^-tetrahydrophthalic  anhydride,  200  ml  of  85*7o  formic  acid,  and  120  ml  of  3 O'^o hydrogen  peroxide  was  stirred 
in  a  flask  with  a  stirrer  and  thermometer  at  26-28*.  The  substance  dissolved  after  several  hours  and  the  precipi¬ 
tation  of  the  oxide  (I)  then  began.  The  mixture  was  left  overnight  and  the  precipitate  collected  and  washed  with 
glacial  acetic  acid.  We  obtained  75  g  of  the  oxide  (I),  which  was  suitable  for  work  without  further  purification. 
Evaporation  of  the  mother  liquor  in  vacuum  at  20*  yielded  an  additional  amount  of  the  oxide  (I),  which  was  purified 
by  recrystallization  from  methanol  or  85%  formic  acid.  The  total  yield  was  ~90  g  (75%);  the  oxide  (I)  darkened 
at  190’  and  melted  with  decomposition  over  the  range  198-205**  (in  an  open  capillary -at  235-240*);  it  was  soluble 
in  water  and  insoluble  in  the  usual  solvents  in  the  cold. 

Found  %:  C  48.10,  48.24;  H  4.16,  4.21.  CgHgOg.  Calculated  %:  C  48.01;  H  4.02. 

Infrared  spectrum :  686  (w),  724  (av),  761  (av),  806  (av),  824  (w),  839  (w),  862  (av),  928  (s),  966  (w),  994  (s), 

1042  (s),  1054  (w),  1096  (w),  1168  (s),  1196  (w),  1234  (s),  1258  (w),  1280  (av),  1312  (w),  1334  (av),  1374  (s), 

1414  (av),  1459  (s),  1700  (s),  1736  cm"^  (s).*  * 

b)  As  described  above,  from  80  g  of  the  adduct  given  above,  180  ml  of  glacial  acetic  acid,  80  ml  of  36% 
hydrogen  peroxide,  and  10  ml  of  concentrated  sulfuric  acid  we  obtained  75  g  (78%)  of  the  oxide  (I),  which  contained, 
however,  traces  of  sulfuric  acid. 

Anhydride  (II).  A  2.5-g  sample  of  the  oxide  (I)  was  boiled  fw  10  hr  with  80  ml  of  acetyl  chloride,  the  mix¬ 
ture  evaporated  to  20  ml  in  vacuum,  and  the  anhydride  (II)  collected.  We  obtained  1.9  g  of  (II)  as  white  leaflets 
(from  dioxane),  which  melted  with  decomposition  at  247-253*. 

Found  %:  C  52.87,  52.83;  II  3.36,  3.48.  CgHgOg.  Calculated  %:  C  52.75;  H  3.32. 

Monodiethylamide  (III).  To  1.82  g  of  the  anhydride  (II)  in  10  ml  of  dioxane  was  added  0.73  g  of  diethyl- 

amine  and  the  mixture  heated  at  60*  for  half  an  hour  and  then  at  100*  until  the  substance  dissolved  completely  and 
finally  cooled  to  room  temperature.  A  few  drops  of  water  was  added,  the  mixture  left  overnight  at  20*,  and  the 
precipitate  colleeted.  We  obtained  2.1  g  of  (III)  as  a  white  powder;  for  purification,  (III)  was  dissolved  in  a  small 
amount  of  water  and  die  solution  partly  evaporated  on  a  clock  glass;  it  had  m.p.  137.5-138.5*. 

Found  %:  C  52.90,  53.02;  H  6.97,  7.18.  C12H17O5N  •  HgO.  Calculated  %  C  52.73;  H  7.01. 

Monomethyl  ester  (IV).  A  0.5-g  sample  of  the  anhydride  (II)  was  boiled  for  4  hr  with  6  ml  of  methanol  and 
the  mixture  evaporated  to  dryness  in  vacuum.  We  obtained  0.45  g  of  (IV)  as  a  white  powder  with  m.p.  132-133* 
(from  methanol). 

Found  %:  C  50.46,  50.22;  H  4.74,  4.82.  CgHioOg.  Calculated  %:  C  50.47;  H  4.71. 


*  The  melting  points  were  determined  in  sealed  capillaries  and  are  not  corrected. 

*  *  s)  strong,  av)  average,  and  w)  weak.  We  are  grateful  to  L.  A.  Kazipina  for  plotting  the  infrared  spectra. 
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Dimethyl  ester  (V).  A  mixture  of  30  g  of  the  oxide  (I),  100  ml  of  methanol,  and  1  ml  of  20 ‘To  oleum  was 
boiled  for  5  lir  and  cooled  to  0°  and  the  dimethyl  ester  (V)  collected  and  washed  with  a  small  amount  of  cold  metha¬ 
nol  and  water.  We  obtained  26  g  of  the  ester  (V)  as  colorless  leaflets  with  m.p.  142.5-143*  (from  methanol).  Evapo¬ 
ration  of  die  mother  liquor  yielded  a  further  4-5  g  of  the  ester  (V).  The  total  yield  was  30  g.  (90*^). 

Found  C  52.61,  52.52;  H  5.37,  5.39.  CioHyOe.  Calculated  i/o;  C  52.63;  H  5.35. 

Analogous  treatment  of  (II)  and  (IV)  also  gave  the  ester  (V). 

Infrared  spectrum:  685  (w),  716  (av),  748  (av),  798  (s),  810  (s),  834  (av),  848  (av),  864  (s),  918  (s),  938  (s), 

958  (s),  964  (av),  988  (av),  1010  (s),  1030  (s),  1055  (w),  1162  (s),  1190  (w),  1224  (w),  1266  (av),  1306  (av),  1348  (av), 
1376  (s),  1460  (s),  1744  cm-‘(s). 

SUMMARY 

1.  The  epoxylation  of  exo-3,6-endoxo- A^-tetrahydrophthalic  anhydride  was  studied. 

2.  An  explanation  is  given  for  the  peculiarities  of  the  behavicx  of  a-oxides  of  die  3,6-endomethylene-  and 
3,6-endoxocyclohexane  series. 
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Certain  inorganic  arsenic  compounds  are  used  quite  widely  in  agriculture  as  active  enteric  insecticides  and 
though  their  value  has  decreased  somewhat  with  the  appearance  of  DDT  and  other  organic  preparations,  they  are 
still  used  on  quite  a  large  scale  in  agriculture  [1].  Inorganic  arsenic  compounds  are  also  used  for  the  protection  of 
timber  against  destruction  by  microorganisms  and  insects  [2],  Even  before  the  Second  World  War,  organic  arsenic 
compounds  were  recommended  for  treating  various  types  of  seed  to  prevent  plant  diseases  [3].  Interest  in  cnrganic 
arsenic  compounds  has  recently  revived  and  some  of  them  have  been  patented  for  use  in  agriculture  [4]. 

It  seemed  interesting  to  synthesize  compounds  containing  phenoxarsine  nuclei  and  residues  of  dithiophos- 
phoric,  alkylxanthic,  and  dithiocarbamic  acids.  These  compounds  were  synthesized  by  the  reaction  of  the  alkali- 
metal  salts  of  dialkylthiophosphoric,  alkylxanthic,  and  dithiocarbamic  acids  with  phenoxarsine  chloride. 


Cl  S.XM 
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The  compounds  synthesized  and  their  properties  are  given  in  the  table.  With  the  exception  of  compounds 
4,  7,  8,  13,  and  14,  none  of  the  compounds  have  been  described  in  the  literature. 

The  insecticide  properties  were  studied  on  caterpillars  of  the  gypsy  moth  (Porthetria  dispar  L.)  of  3—4  years 
under  laboratory  conditions.  Apple  leaves  and  oak  seedlings  were  sprayed  with  10  and  20^o  suspensions  of  the 
preparations  with  a  constant  liquid  dose  (40  ml/m^).  The  mortality  of  the  caterpillars  was  determined  on  the  fifth 
day.  As  the  data  presented  in  the  table  show,  most  of  the  compounds  we  studied  had  a  higher  insecticide  activity 
than  calcium  arsenate.  Derivatives  of  dialkyldithiocarbamic  acid  were  most  active  and  derivatives  of  dialkyl- 
dithiophosphoric  acid  were  least  active.  The  data  presented  show  that  a  negative  residue  attached  to  an  arsenic 
atom  has  a  substantial  effect  on  the  insecticide  activity  of  the  compound. 

The  fungicide  activity  of  the  compounds  synthesized  was  studied  on  the  following  fungi;  Diplodia  zeae, 
Botrytis  cincrea  Pers.,  Fusarium  graminearum  Schw.,  Fusarium  oxysporum  S.,  Alternaria  radicina  M.  D.  et  E.  The 
fungi  were  grown  on  a  nutrient  medium  (potato  dextrin  agar)  to  which  was  added  the  fungicide  in  the  form  of  an 
aqueous  suspension,  obtained  by  diluting  an  acetone  solution  of  the  preparation  with  water.  As  die  data  presented 
in  die  table  show,  most  of  die  phenoxarsine  derivatives  studied  were  similar  in  activity  to  such  a  strong  antiseptic 
as  ethylmercuric  phosphate.  Testing  these  compounds  on  wheat  smut  (Tilletia  tritici  Wint)  and  millet  smut 
(Ustilago  panici  miliacei  Wint)  also  gave  good  results. 

EXPERIMENTAL 

The  10-chlorophenoxarsine  (m.p.  124°)  required  for  the  synthesis  was  synthesized  by  the  method  of  Lewis  [5] 
by  prolonged  boiling  of  arsenic  trichloride  with  diphenyl  ether.  The  corresponding  oxide  (No.  13)  was  obtained  in 
small  amounts  as  a  by-product. 
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TABLE  1.  Properties  of  Phenoxarsine  Derivatives 
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The  various  derivatives  of  phenoxarsine  were  prepared  under  the  following  conditions:  a  solution  of  10-chloro- 
phcnoxarsine  in  acetone  or  benzene  was  boiled  in  a  flask  with  a  reflux  condenser  and  a  mechanical  stirrer  and  die 
salt  of  the  appropriate  acid  in  an  appropriate  solvent  was  gradually  added  to  it.  When  the  whole  of  the  salt  had  been 
added,  the  mixture  was  boiled  for  a  further  0.5-2  hr.  The  solvent  was  then  removed  and  the  residue  washed  with 
water,  dried,  and  purified.  In  the  case  of  reactions  in  benzene,  die  benzene  was  separated  from  the  sodium  dilocide, 
wadied  with  water,  and  distilled.  The  compounds  obtained  were  then  purified  by  the  usual  mediod.  The  compounds 
synthesized  and  their  properties  are  given  in  the  table. 

SUMMARY 

A  series  of  phenoxarsine  derivatives  which  have  not  been  described  in  the  literature  were  synthesized  and  their 
insecticide  and  fungicide  properties  studied.  It  was  shown  that  derivatives  of  dialkyldithiocarbamic  acid  are  the  most 
active  insecticides.  Most  of  the  compounds  synthesized  are  active  fungicides,  whose  activity  is  greater  than  that  of 
ethylmercuric  phosphate. 
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It  was  shown  recently  in  our  laboratory  that  esters  of  dialkoxyphosphonothioacetic  acid  are  good  insecticides, 
whose  activity  is  ten  times  that  of  the  corresponding  esters  of  dialkoxyphosphonoacetic  acid  [1].  This  gives  grounds 
for  considering  that  the  mechanisms  of  the  action  of  different  organic  compounds  of  phosphorus  on  insects  differ.  It 
is  possible  that  in  some  cases  there  is  phosphorylation  of  cholinesterase  and  in  others,  the  formation  of  quaternary 
ammonium  salts,  as  many  esters  of  phosphorus  acids  readily  form  salts  of  quaternary  ammonium  bases  with  amines 

P]. 

In  connection  with  the  above,  it  seemed  interesting  to  synthesize  and  study  the  insecticide  properties  of  vari¬ 
ous  derivatives  of  dialkoxyphosphonopropionic,  dialkoxyphosphonobutyric,  dialkoxyphosphonothiopropionic,  and 
dialkoxyphosphonothiobutyric  acids.  These  derivatives  were  synthesized  by  the  reaction  of  a  trialkyl  phosphite  with 
esters  and  amides  of  chloropropionic  acid,  esters  of  chlorothiopropionic  acid,  and  also  esters  of  y  -bromobutyric  and 
y  -bromothiobutyric  acids. 


(€21150)3? +  X(CIl2)«COYR  — 
X  =  Cl.  or 


(C2n50)..i‘-(CH2),.coYn  4  C2II5X 

Br.  Y  =  O.  S.  N. 


The  compounds  we  prepared  and  their  properties  are  given  in  the  table. 

It  should  be  noted  that  some  esters  of  dialkoxyphosphonobutyric  acid  were  synthesized  recently  by  the  reac¬ 
tion  of  trialkyl  phosphites  with  butyrolactone  [3]  and  patented  for  use  as  insecticides. 

Tests  of  the  compounds  we  synthesized  on  granary  weevils,  which  were  carried  out  by  P.  V.  Popov  and  N.  S. 
Ukrainets,  showed  that  they  all  have  a  weak  contact  insecticide  action. 

A  weak  insecticide  action  was  also  shown  by  esters  of  dialkoxyphosphonothiotoluic  acid  synthesized,  which 
have  not  been  described  in  the  literature.  These  compounds  were  prepared  by  the  following  reaction: 


(CJi60)3P  +  cicii2CGn4Cosn  (€21150)2?— cii2(:6n4Cosn  +  €2ii5€i 


The  properties  of  the  esters  of  dialkoxyphosphonothiotoluic  acid  are  given  in  the  table. 

EXPERIMENTAL 

The  amides  and  esters  of  0 -chloropropionic  and  esters  of  y -bromothiobutyric  acids  required  for  the  prepara¬ 
tion  of  esters  and  amides  of  dialkoxyphosphonoalkanecarboxylic  acids  were  synthesized  by  the  reaction  of  6-chloro- 
propionyl  and  y  -bromobutyryl  chlorides  with  alkali  metal  mercaptides  of  appropriate  mercaptans  and  the  amides, 
from  the  acid  chloride  and  an  amine. 


Properties  of  Derivatives  of  Diethoxyphosphonopropionic  and  Butyric  Acids 
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According  to  literature  data  [3];  b.p.  116-120*  (2  mm). 

•  Could  not  be  distilled  in  vacuum  without  decomposition. 


The  esters  and  amides  of  dialkoxyphosphonopropionic  and  butyric  and  dialkoxyphosphonothiopropionic  and 
thiobutyric  acids  were  synthesized  under  the  following  conditions;  into  a  flask  with  a  reflux  condenser  and  a  me¬ 
chanical  stirrer  was  placed  the  trialkyl  phosphite  and  the  ester  of  3 -chloropropionic,  3 -chlorothiopropionic,  y- 
bromobutyric,  or  y -bromothiobutyric  acid  ot  the  amide  of  3-chloropropionic  acid  was  added  to  it  gradually. 

In  most  cases,  the  reaction  mixture  evolved  heat  when  the  trialkyl  phosphite  was  mixed  with  the  ester  of 
amide  of  the  given  acids.  In  some  cases  the  heat  evolution  was  very  considerable:  for  example,  when  equimolec- 
ular  amounts  of  amides  of  3-chloropropionic  acid  and  a  trialkyl  phosphite  were  mixed,  the  reaction  mixture  heated 
up  to  100-140*.  After  heat  evolution  had  ceased,  the  reaction  mixture  was  kept  at  150-200*  for  2-6  hr.  The  light 
fractions  were  then  vacuum  distilled  from  the  mass  obtained  and  the  residue  was  fractionated  in  higher  vacutun. 

The  compounds  we  synthesized  and  their  properties  are  given  in  the  table.  The  esters  of  diethoxyphosphonothio- 
toluic  acid  were  synthesized  analogously.  Their  properties  are  also  given  in  the  table. 

SUMMARY 

A  series  of  esters  and  amides  of  diethoxy phosphonopropionic  acid  and  esters  of  diethoxyphosphonothiopropionic, 
diethoxyphosphonobutyric,  and  thiobutyric  acids  were  synthesized.  Most  of  the  compounds  synthesized  have  not  been 
described  in  the  literature.  All  the  compounds  synthesized  have  a  weak  contact  insecticide  action. 
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Original  article  submitted  April  26,  1960 


In  recent  years  investigators  have  paid  increasing  attention  to  various  derivatives  of  hydroxy lamine,  among 
which  are  found  extremely  active  bactericides  [1,  5],  fungicides  [6,  7],  and  herbicides  [8-10].  According  to  patent 
data,  some  oxime  esters  have  not  orfly  fungicidal  and  bactericidal  action,  but  are  also  active  insecticides  [7],  Thlo- 
hydroxylamine  derivatives  have  found  wide  application  in  agriculture  and  these  include  the  well-known  prepara¬ 
tion  Captan  and  its  analogs  [11,  12]. 

Up  to  now,  studies  have  been  made  of  the  biological  activity  of  the  most  varied  derivatives  of  hydroxylamine, 
including  aldehyde  and  ketone  oximes  [3-5],  substituted  arylhydroxylamines  [6],  hydroxamic  acids  [13,  14],  and 
many  others. 

In  connection  with  the  above  it  seemed  interesting  to  synthesize  and  study  a  series  of  new  hydroxylamine 
derivatives  and  first  of  all,  the  most  accessible  ones,  namely,  esters  of  oximes  of  the  simplest  ketones  with  aryl- 
oxyalkylcarboxylic  acids. 

We  synthesized  the  oxime  esters  by  the  reaction  of  ketone  oximes  with  aryloxyacetyl  dilarides  in  the  presence 
of  triethy lamine. 


>C=N01I  4-  ArOCIIjCOCl  -4-  N(C., 115)3  — 
hi 

h  \ 

—  >C=N0-C0Cn20Ar  4-  (Con5)3NHCI 

n/ 


This  reaction  proceeded  very  readily  at  low  temperature  and  the  corresponding  esters  were  obtained  in  high 
yields.  As  ketoximes  we  used  acetone,  cyclohexanone,  and  acetophenone  oximes  and  as  acids,  phenoxyacetic,  p- 
chlorophenoxyacetic,  2,4-dichlorophenoxyacetic,  2, 4,5-trichlorophenoxy acetic,  and  2-methyl-4-chlorophenoxy- 
acetic  acids.  None  of  these  esters  have  been  described  in  the  literature. 

A  study  of  the  fungicidal  properties  of  the  compounds  synthesized  on  various  forms  of  fungus  showed  that  they 
were  practically  all  of  very  low  activity. 

EXPERIMENTAL 

All  the  compounds  given  in  tlie  table  were  prepared  under  the  following  conditions:  into  a  flask  with  a 
reflux  condenser,  mechanical  stirrer,  and  dropping  funnel  was  placed  a  solution  of  0.1  mole  of  ketoxime  in  ab¬ 
solute  ether  and  an  ether  solution  of  0.1  mole  of  aryloxyacetyl  chloride  was  gradually  added  to  it  with  vigorous 
stirring  and  cooling  to  0  to  -6“.  Then  0.1  mole  of  dry  triethylamine  was  gradually  added  to  the  solution  obtained 
at  the  same  temperature.  When  the  whole  of  the  triethylamine  had  been  added,  the  reaction  mixture  was  stirred 
for  a  further  hour  and  then  treated  with  cold  water  (50-60  ml),  the  ether  layer  separated  and  dried  over  anhydrous 
sodium  sulfate,  and  the  ether  removed  in  vacuum.  After  removal  of  the  ether,  the  crystalline  residue  was  recrystal¬ 
lized  from  alcohol.  The  liquid  products  were  piuified  by  passing  a  benzene  solution  of  them  through  a  chromato¬ 
graphic  column  packed  with  activated  charcoal  and  analyzed  after  removal  of  the  benzene  in  vacuum.  All  the 
liquid  products  were  obtained  in  an  analytically  pure  form  after  this  purification.  The  compounds  obtained  and 
their  properties  are  given  in  the  table. 
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Properties  of  Aryloxyacetylketoximes 
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Liquid  that  could  not  be  distilled  in  high  vacuum  without  decomposition;  it  was  purified  chromatographically. 


SUMMARY 

In  a  search  for  new  efficient  fungicides,  we  used  the  reaction  of  ketoximes  with  aryloxyacetyl  chlorides  in  the 
presence  of  triethylamine  to  synthesize  a  series  of  ketoxime  esters,  which  have  not  been  described  in  the  literature. 
All  the  compounds  synthesized  were  found  to  be  weak  fungicides. 

LITERATURE  CITED 

1.  J.  Gray  and  R.  Lambert,  Nature,  162,  733  (1948). 

2.  J.  Wood  and  M.  Hone,  Austral.  J.  Sci.  Resear.,  Bl,  38  (1948). 

3.  US  Pat.  2424860;  Ch.  A.,  42,  3528  (1948). 

4.  L.  Harry,  J.  Am.  Chem.  Soc.,  75,  1933  (1953). 

5.  P.  Truitt,  J.  Am.  Chem.  Soc.,  74,  3956  (1952). 

6.  E.  KUhle  and  R.  Wegler,  Lieb.  Ann.,  6^,  183  (1958). 

7.  US  Pat.  2880238;  Ch.  A.,  53,  16072  (1959). 

8.  N.  N.  Mel'nikov,  Yu.  A.  Baskakov,  Yu.  V.  Rakitin,  and  V.  A.  Zemskaya,  Authors’  Cert.,  115472  (1958). 

9.  N.  N.  Mel'nikov  and  Yu.  A.  Baskakov,  Authors'  Cert.  126690  (1959). 

10.  Yu.  A.  Baskakov  and  N.  N.  Mel'nikov,  Khim.  prom,  i  nauka,  3,  683  (1958). 

11.  N.  N.  Mel'nikov,  E.  M.  Sokolova,  and  P.  P.  Trunov,  ZhOKh,  529  (1959). 

12.  R.  Waeffler,  R.  Gasser,  A.  Margot,  and  H.  Gysin,  Experient,  H,  265  (1955). 

13.  Z.  Eckstein  and  E.  Czferwinska,  Bull,  de  1*  Acad.  Polon.,  7,  223  (1959). 

14.  Z.  Eckstein  and  T.  Urbanski,  Przemys.  Chemiczny,  12,  640  (1956). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by>letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri- 
odical  literature  may  well  be  available  In  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


786 


ORGANOSULFUR  COMPOUNDS 
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Original  article  submitted  April  23,  1960 


The  reaction  of  vinyl-  fl  -chlorovinylsulfonyl  fluorides  [1]  with  chlorine  and  diazomethane  [2]  are  apparently 
nucleophilic  additions  at  the  multiple  carbon— carbon  bond. 

In  the  present  communication  we  give  the  results  of  further  study  of  the  addition  of  substances  containing  a 
labile  hydrogen  atom  to  vinyl-  and  6 -chlorovinylsulfonyl  fluorides.  It  was  established  that  diethylamine  and  ethane' 
thiol  add  to  vinylsulfonyl  fluoride  to  form  0 -amino-  and  0 -mercaptoethanesulfonyl  fluorides,  respectively,  i.e.,  in 
the  order  predicted  by  the  arguments  given  previously. 


CH,=CHSOaF— 


+  15' 
C,H,SH 


(C2Hs)2NCH2CU2S02F 

(I) 

C2H5SCH.2CII2S02F 

(II) 


The  rates  of  addition  of  these  substances  to  vinylsulfonyl  flucHride  were  different.  Tiie  addition  of  diethyl¬ 
amine  proceeded  extremely  vigorously  and  it  was  necessary  to  cool  the  reaction  mixture  and  dilute  it  with  ether.* 
Ethanethiol  reacted  with  vinylsulfonyl  fluoride  with  solvent  and  with  heating,  while  ethanol  did  not  add  to  it  even 
after  heating  for  10  hr. 

The  structure  of  the  0-N-diethylaminoethanesulfonyl  fluoride  obtained  was  confirmed  by  its  hydrolysis  to 
N,  N -d  ietiby  Itaur  ine . 


(C2H5)2NCH2CH2S02F  (C2H5)2NCU2CH2S020U  +  NaF 

iltU 

(Ill) 


Diethylamine  added  to  0 -chlorovinylsulfonyl  fluoride  in  the  order  opposite  to  the  case  of  vinylsulfonyl  flucHride. 
This  is  somewhat  unexpected  and  cannot  be  explained  by  the  arguments  presented  previously  [2]. 


ClCH^CHSOoF 


(C.H.),NH 


cicn2— CH— SO2F] 

I 

N(C2H5)2  . 


(C,11.),NH 


CH2=C-S02F 

I 

N{C2ll5)2 

(IV) 


Even  under  mare  drastic  conditions  (without  solvent  and  with  heating),  ethanethiol  did  not  add  to  0 -chloro¬ 
vinylsulfonyl  fluOTide.  The  a-N-(diethylamino)- 0 -chloroethanesulfonyl  fluoride  formed  in  the  intermediate  stage 
was  dehydrochlorinated  by  diethylamine  to  form  a-N-diethylaminovinylsulfonyl  fluOTide.  In  experiments  with  an 
equimolecular  ratio  of  the  reagents,  part  of  the  starting  0  -chlorovinylsulfonyl  fluoride  was  recovered  unchanged 
and  the  whole  of  the  alkene  could  be  converted  only  by  the  use  of  twice  the  amount  of  diethylamine.  An  indirect 


*  Vinylsulfonyl  fluoride  reacted  with  ethyleneimine  even  mcxe  vigorously  (even  in  a  solvent)  and  formed  a  polymeric 
resinous  mass. 
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indication  of  the  presence  of  a  multiple  bond  and  the  replacement  of  hydrogen  at  the  a-carbon  atom  by  an  amino 
group  was  provided  by  the  tendency  of  the  a-N-diethylaminovinylsulfonyl  fluoride  obtained  to  polymerize,  even  in 
the  cold  during  brief  storage  of  the  substance*  The  structure  of  the  a-N-diethylaminovinylsulfonyl  fluoride  ob¬ 
tained  was  demonstrated  by  ozonization,  which  yielded  N-dietfiylcarbamoylsulfonic  acid  that  was  characterized  as 
the  crystalline  dimedone  derivative  (m.p.  180-181“). 

o  /SO.,0- 

r,II,=(;_S(),F  — ^  CHoO  4- 0=--CC  *  “  ^NaF 

-  I  - 

N(C.,IIr.)2  il  • 

(V) 

The  presence  of  the  dimedone  derivative  of  formaldehyde  in  the  starting  mixture  of  crystals  (m.p.  172-175“) 
was  demonstrated  by  the  melting  point  of  an  artificial  mixture  of  the  authentic  dimedone  derivative  of  formaldehyde 
and  the  dimedone  derivative  of  N-diethylcarbamoylsulfbnic  acid,  which  melted  at  170-171“. 

The  compounds  obtained  in  the  present  work  are  the  first  examples  of  substituted  0  -amino-  and  B  -mercapto- 
eihanesulfonyl  fluorides  and  a-N-diethylaminovinylsulfonyl  fluorides,  which  have  not  been  described  in  the  literature. 

All  attempts  to  convert  the  halogen  derivatives  of  the  alkane-  and  alkenesulfonyl  fluorides  to  amino  com¬ 
pounds  by  replacement  of  the  halogen  atoms  by  an  amino  group  were  unsuccessful. 

EXPERIMENTAL 

B -Diethylaminoethanesulfonyl  flucyide  (1).  A  solution  of  28  g  of  diethylamine  in  40  ml  of  absolute  ether  was 
added  dropwise  in  a  nitrogen  atmosphere  to  41.5  g  of  vinylsulfonyl  fluoride  (b.p.  123-124*  at  760  mm;  n{^  1.3871) 

[1]  in  80  ml  of  absolute  ether  with  vigorous  stirring  at  15-18“.  The  mixture  was  stirred  for  a  further  2  hr,  washed 
with  small  amounts  of  water,  dried  with  sodium  sulfate,  and  vacuum  distilled.  The  yield  was  48.5  g  (69%). 

B.  p.  72-75“  (5  mm),  nfj  1.4277,  d^®  1.1282,  MRp  41.71;  calc.  42.30.*  * 

Found  %:  C  39.40,  39.27;  H  7.94,  8.13;  N  7.42,  7.18;  S  17.73,  17.47;  F  10.36.  C6H14P2NSF.  Calculated  % 

C  39.32;  H  7.70;  N  7.64;  S  17.46;  F  9.31. 

To  1.5  g  of  the  sulfonyl  fluOTide  (I)  in  4  ml  of  distilled  water  at  80“  was  added  2.7  g  of  35%NaOH.  The  sub¬ 
stance  dissolved  completely  on  stirring.  The  precipitate  of  sodium  fluoride  was  then  removed,  the  filtrate  made  acid 
to  litmus  with  0.6  g  of  cone.  H2SO4,  and  the  product  precipitated  with  ethanol.  We  obtained  N-diedtylta urine  (HI) 
with  m.p.  146-148*  (from  aqueous  alcohol).  Literature  data:  m.p.  151“  [3]. 

g-Diethylaminovinylsulfonyl  fluoride  (IV).  A  solution  of  11  g  of  diethylamine  in  20  ml  of  absolute  etfier  was 
added  dropwise  to  11  g  of  0 -chlorovinylsulfonyl  fluoride  in  30  ml  of  absolute  ether  in  a  stream  of  nitrogen.  The 
reaction  was  accompanied  by  appreciable  heat  evolution  and  the  temperature  was  kept  at  -15  to  -20*.  After  the 
temperatiue  had  been  allowed  to  rise  to  room  temperature,  the  mixture  was  stirred  vigorously  for  a  further  hour.  The 
precipitate  formed  was  collected  and  washed  with  ether.  The  filtrate  was  washed  with  a  small  amount  of  water,  dried 
with  sodium  sulfate.and  vacuum  distilled.  The  yield  was  8.2  g  (59%). 

B.  p.  145-147*  (3  mm),  ng  1.4828,  d4®  1.1976,  MRj)  43.03;  calc.  41.98. 

Found  %:  C  40.34,  40.20;  H  6.55,  6.15;  S  17.07,  17.04;  N  8.64,  8.68.  CfiHijOzNSF.  Calculated  %:  C  39.76; 

H  6.67;  S  17.69;  N  7.73. 

To  an  aqueous  solution  of  the  sulfonyl  fLucxide  (II)  was  added  hydrochloric  acid  and  the  substance  oxonized 
for  3  hr.  The  mixture  was  diluted  with  water  and  boiled  for  30  min.  It  was  then  neutralized  with  2  N  NaOH,  treated 
with  excess  of  a  saturated  hot  aqueous  solution  of  dimedone,  and  evaporated  on  a  water  bath.  After  being  wa^ed 
with  acetone,*  *  *  the  precipitated  crystals  had  m.p.  172-173*.  The  melting  point  of  a  mixture  of  the  dimedone 
derivatives  of  formaldehyde  and  N-diethylcarbamoylsulfonic  acid  (V)  was  170-171*. 


*  We  observed  that  a-chlorovinylsulfonyl  flucaride  has  a  similar  tendency  to  polymerize. 

*  *  The  atomic  refraction  of  flucarine  was  taken  as  that  of  a  fluorine  atom  attached  to  a  carbon  atom  (1.1). 

*  *  *  The  dimedone  derivatives  of  formaldehyde  and  N-diethylcarbamoylsulfonic  acids  are  sparingly  soluble  in  acetone. 
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Found  %;  C  57.42,  57.71;  H  6.03,  6.42;  S  6.89,  6.65;  N  3.76,  3.84.  C21M32O7NS.  Calculated  %:  C  57.11; 

H  7.22;  S  7.19;  N  3.29. 

0 -Ethylthioethenesulfonyl  fluoride  (111).  To  14  g  of  vinylsulfonyl  fluoride  was  added  8.5  g  of  ethyl  mercaptan 
dropwise  with  vigorous  stirring  in  a  stream  of  nitrogen  at  50-53".  The  mixture  was  stirred  for  4  hr  with  heating.  The 
reaction  products  were  vacuum  distilled.  The  yield  was  7.5  g 

B.  p.  80-83"  (6  mm),  n”  1.4528,  d4®  1.3065,  MRd  37.64;  calc.  37.30. 

Found  %  C  28.26,  28.16;  H  4.90,  5.25;  S  37.65.  C6H902S2F.  CalcOlated  lo-,  C  27.89;  H  5.26;  S  37.29. 

SUMMARY 

1.  The  following  6 -substituted  ethanesulfonyl  fluorides  were  obtained  for  the  first  time:  0 -N-(diethylamino)- 
ethanesulfonyl  fluoride,  0 -S-(ethylthio)-ethanesulfonyl  fluoride,  and  a-N-(diethylamino)-vinylsulfonyl  fluoride. 

2.  The  order  of  addition  of  diethylamine  to  vinyl-  and  0 -chlorovinylsulfonyl  fluorides  was  established. 
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CONDENSATION  OF  VINYL  HALIDES  WITH  TOLUENE 
AND  ANISOLE 

I.  P.  Tsukervanik  and  Kh.  Yu.  Yuldashev 
Tashkent  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  858-861,  March,  1961 

Original  article  submitted  April  4,  1960 


The  alkylation  of  benzene  by  vinyl  chlcaride  and  bromide  was  studied  by  Anschutz  [1].  This  reaction  was 
repeated  later  by  various  authcvs  [2-5].  Its  main  product  is  1,1-diphenylethane.  In  addition,  there  are  always  formed 
certain  amounts  of  ethylbenzene,  and  9,10-dimethylanthracene,  which  appear  as  a  result  of  conjugated  hydrogena¬ 
tion-dehydrogenation  under  the  influence  of  aluminum  halides.  The  possibility  of  the  production  of  styrene  by  these 
reactions  has  been  pointed  out  [5],  but  has  not  been  demonstrated  reliably. 

For  further  study  of  the  condensation  of  vinyl  halides  with  aromatic  compounds  and,  in  particular,  to  determine 
the  course  of  the  anomalous  process  under  the  influence  of  aluminum  chloride,  we  carried  out  condensations  with 
toluene  and  anisole. 

Vinyl  chloride  reacted  with  toluene  in  the  same  way  as  with  benzene.  We  obtained  1,1-ditolylethane  (I), 
p-cthyltolucnc  (II),  and  2,6,9,10-tetramethylanthracene  (III). 


cn.cjis  f  Cii2=(:ii(;i  (Cii3Coii4)2Ciicii3  +  C2n5CeH4Cii3-f. 

(I)  (II) 

Cll;, 


Cl 


Cll;, 

(III) 


The  yields  of  these  substances  depended  on  the  amount  of  aluminum  chloride  and  the  temperature  (see  Table 
1).  With  0.04  mole  of  AICI3  P^r  mole  of  vinyl  chloride  we  obtained  only  1,1-ditolylethane  in  low  yield  (13%).  With 
0.13  mole  of  AICI3  at  60°,  we  obtained  66%  of  1,1-ditolylethane.  A  further  increase  in  the  amount  of  AICI3  led  to 
the  accumulation  of  disproportionation  products,  namely,  ethylbenzene  and  tetramethylanthracene.  A  condensation 
with  1  mole  of  AICI3  at  60-70°  gave  very  little  1,1-ditolylethane  (10%)  and  a  considerably  increased  yield  of  ethyl- 
toluene  (45%),  but  tetramethylanthracene  was  not  obtained  at  all.  Unexpectedly,  1,1-ditolylethylene  was  isolated 
from  the  reaction  mixture  in  quite  a  considerable  yield  (24%).  We  considered  that  the  excess  aluminum  chloride 
produced  dehydrogenation  of  1,1-ditolylethane  with  simultaneous  hydrogenolysis  of  the  latter  to  toluene  and  ethyl- 
toluene. 


2(cii3Con4),ciicii,,  — - 


{cii3CbM4)8C=gii2  +  C2n6G0H4G.nn  +  Cii3r8ii5 


In  actual  fact,  treatment  of  pure  l,l-di(p-tolyl)ethane  with  1  mole  of  AICI3  at  20°  yielded  the  substances 
given  in  the  scheme.  An  analogous  experiment  with  1,1-diphenylethane  gave  benzene,  ethylbenzene,  and  the  crys¬ 
talline  dimer  of  1,1-diphenylethylene.  The  action  of  AICI3  on  1,1-diphenylethane  with  heating  has  been  studied  in 
previous  work,  but  it  led  to  dimethylanthracene  [1,  6,  7]. 
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TABLE  1.  Experiments  with  0.15  mole  of  Vinyl  Chloride 


Molar  ratios  of  toluene:  vinyl 
chloride  :  AlCls 

fi 

fc: 

(U 

H 

Duration 

(hr) 

p-ethyl¬ 

toluene 

fields  1 

1 

TJ  '  C 

^*2  S 

<U 

»  c 

•  >> 

r-4  w 

tetra  -  | 

methyl  -  1 

anthracene 

Tar 

3.3  :  1  :  (l.O-i 

30° 

1.5 

13 

3.3:  1  :0.I3 

60 

1.5 

68 

— 

_ 

1 

3.3:  1  :  0.1 6 

30 

1.5 

— 

20 

— 

_ 

0.5 

2.5  :  1  :  0.25 

65 

2 

8 

20 

— 

10 

1.5 

6.6  :  1  :  0.25 

70 

1  5 

13 

66 

— 

5 

_ 

2.5  :  t  :  0.5 

65 

2 

10 

15 

— 

15 

2 

3.3  :  1  :  0.9 

14 

1.5 

8 

37 

— 

_ _ 

2 

3.3  :  1  :  0.9 

12 

1.7 

10 

10 

— 

10 

1 

2.5  :  1  :  1 

70 

1.5 

45 

10 

23 

_ 

2 

2.5  :  1  :  1 

70 

3 

45 

7 

24 

— 

1 

The  condensation  of  anisole  with  vinyl  bromide  and  chlOTide  was  carried  out  under  a  wide  variety  of  con¬ 
ditions  (see  Table  2).  With  small  amounts  of  AICI3  (0.13  mole)  at  0  and  50",  the  reaction  did  not  proceed  at  all. 

The  best  results  were  obtained  with  1  mole  of  AICI3  with  a  small  excess  of  anisole.  The  yields  of  products  fell  sharp¬ 
ly  as  the  amount  of  anisole  was  increased,  evidently  because  of  its  formation  of  a  stable  (at  0-50°)  complex  with 
AICI3.  In  no  experiment  were  we  able  to  obtain  1,1-dianisylethane  or  any  anthracenes.  The  products  of  this  con¬ 
densation  were  always  1,1-dianisylethylene  (up  to  42%)  and  p-ethylanisole  (up  to  20%).  The  action  of  aluminum 
chloride  on  1,1-dianisylethane,  which  was  synthesized  from  acetylene  and  anisole  [8],  also  yielded  these  substances. 

It  should  also  be  pointed  out  that  the  use  of  larger  amounts  of  AICI3  (0.4  mole)  in  the  reaction  of  acetylene  with 
anisole  sharply  reduced  the  yield  of  1,1-dianisylethane  and  the  main  product  was  1,1-dianisylethylene  (50%)  in  this 
casp 


Thus,  in  condensations  of  vinyl  halides  with  toluene  and  anisole  we  found  a  new  form  of  disproportionation  of 

1,1 -diary lethanes  under  the  action  of  aluminum  chloride. 

EXPERIMENTAL 

Toluene -vinyl  chloride.  To  92  g  (1  mole)  of  toluene  was  added  6.7  g  (0.05  mole)  of  aluminum  chloride. 

Into  the  cooled  mixture,  which  was  contained  in  a  three-necked  flask  with  a  reflux  condenser,  was  passed  a  slow 
stream  (over  a  period  of  1.5  hr)  of  9.3  g  (0.15  mole)  of  vinyl  chloride,  obtained  from  dichloroethane  and  alcoholic 
alkali  [9].  The  amount  of  vinyl  chloride  was  determined  from  the  consumption  of  dichloroethane;  the  vinyl  chloride 
was  determined  by  weighing  in  control  experiments.  The  mixture  became  dark  red  and  heated  up  to  70°  and  there 
was  vigorous  evolution  of  hydrogen  chloride.  After  the  usual  treatment  and  removal  of  the  excess  toluene,  the  residue 
was  fractionated.  We  isolated  2.4  g  (13%)  of  p-ethyltoluene  with  b.p.  153-155°  (730  mm)  and  20.7  g  (66%)  of  1,1- 
ditolylethane  with  b.p.  153-156°  (10  mm).  By  boiling  the  tarry  residue  in  the  flask  with  alcohol,  we  isolated  1.5  g 
(5%)  of  2,6,9,10-tetramethylanthracene  with  m.p.  169°. 

The  data  on  some  other  experiments  are  given  in  Table  1. 

p -Ethyl toluene.  B.  p.  153-154°  (730  mm),  n^  1.4949,  6^4  0.8610.  Literamre  data  [10];  b.p.  159-160°  (750  mm), 
ng  1.4943,  d^®  0.8620. 

Oxidation  with  5%  nitric  acid  [11]  yielded  p-toluic  acid  with  m.p.  180°;  a  mixed  melting  point  with  an  authentic 
sample  was  not  depressed. 

1.1- Di-(p-tolyl)-ethane.  B.  p.l53-154°  (10  mm),  1.5615,  6^4  0.9720.  Literature  data  [12]:  b.p.  153-156° 

(11  mm),  d|®  0.974. 

Oxidation  with  chromium  trioxide  in  acetic  acid  [12]  gave  di-p-tolyl  ketone  with  m.p.  94°.  Nitration  with 
nitric  acid  (d  1.5)  yielded  6 -nitroditolylethylene  with  m.p.  116°  [13]. 

1.1- Di-(p-tolyl)-ethylene.  B.p.  160-165'  (11  mm)  and  m.p.  62°  (from  methanol).  It  gave  a  nitro  derivative 
with  m.p.  116°,  which  was  identical  with  the  previous  one  (mixed  melting  point). 


791 


TABLE  2.  Experiments  with  0.1  mole  of  Vinyl  Halides 


Temp. 

Duration 

(hr) 

•Yield 

i' " 

1  s 

•  d 

Q. 

V 

'  1  C 
4> 

Halide 

2:  1  :0.125 

0° 

3 

Vinyl  bromide 

20 

17 

2: 1  :0.125 

0 

1 

The  same 

50 

2 

— 

— 

2:1: 0.25 

0 

3 

20 

17 

3.5 

9.2 

2  : 1  : 0.5 

0 

3 

20 

17 

7 

21 

•  « 

2:  t  :  1 

0 

3 

20 

17 

14 

21 

3:1:05 

0 

3 

20 

17 

6 

12.6 

5:1: 0.5 

0 

2 

— 

— 

20 

10 

5:1: 0.5 

50 

3 

— 

— 

Vinyl  ehloride 

5:1:1 

0 

3 

18 

42 

The  same 

8:1:1 

0 

3 

10 

17 

— 

4 

ft  « 

1.3:  1  :0.3 

20 

“ 

25 

ft  «f 

2,6,9,10-Tetramethylanthracene.  M.p.  170.5’  (from  alcohol);  picrate-m.p.  165".  Literature  data  [14]:  m.p. 
170";  picrate-m.p.  165‘. 

Oxidation  [12]  yielded  2,6-dimethylanthraquinone  with  m.p.  234". 

1.1- Ditolylethane -aluminum  chloride.  To  10  g  of  1,1-ditolylethane  was  added  7  g  of  AlClj  in  portions.  The 
mixture  was  left  at  20"  for  12  hr.  After  treatment  with  water,  washing,  and  drying,  the  mixture  was  fractionated.  We 
obtained  2.5  g  of  the  starting  hydrocarbon,  1.02  g  of  toluene  (b.p.  100-112",  2,4-dinitrotoluene,  m.p.  70"  [15]),  2.5  g 
of  p-ethyltoluene  [b.p.  153-154’  (730  mm)],  p-toluic  acid  (m.p.  180")  [11],  and  2.5  g  of  1,1-ditolylethylene  (m.p. 
62"). 

1.1- Diphenylethane— aluminum  chloride.  A  mixture  of  13.6  g  of  1,1-diphenyle thane  [16]  and  13.3  g  of  AlCl® 
was  stirred  at  20"  for  8  hr.  We  obtained  5  g  of  the  starting  1,1-diphenyle  thane,  1  g  of  ethylbenzene  [b.p.  130-133" 
(730  mm)],  benzoic  acid  (m.p.  121"),  and  3  g  of  the  dimei  of  1,1-diphenylethylene  (1, 1,3 -triphenyl -3 -methyl- 
hydrindene)  (m.p.  140").  A  mixed  melting  point  of  this  preparation  with  a  sample  obtained  by  dimerization  of  1,1- 
diphenylethylene  [17]  was  not  depressed. 

Anisole-vinyl  bromide.  With  cooling  in  ice,  13.5  g  (0.1  mole)  of  aluminiun  chloride  was  added  to  50  ml  (0.5 
mole)  of  anisole.  The  bright  red  solution  obtained  was  cooled  continuously  while  10.7  g  (0.1  mole)  of  cooled  vinyl 
bromide  was  added  in  small  portions  over  a  period  of  2  hr.  The  mixture  was  left  at  20"  for  12  hr.  We  isolated  1.5  g 
of  p-ethylanisole  (10%)  and  10  g  of  1,1-dianisylethylene  (41%).  The  results  of  several  other  experiments  are  given 
in  Table  2. 

p-Ethylanisole.  B.  p.  193-194"  (730  mm),  nn  1.5045,  d??  0.9602.  Literature  data  [18]:  b.p.  197’  (760  mm), 
ng  1.5094,  d?  0.9624. 

Hydrolysis  with  hydriodic  acid  yielded  p-ethylphenol  with  m.p.  47’  [18]. 

1.1- Di-(p~anisyl)-ethylene.  B.p.  190-194’  (4  mm)  and  m.p.  140"  (from  alcohol).  Oxidation  with  chromic  acid 
yielded  4,4-dime thoxybenzophenone  with  m.p.  143°.  Bromination  [19]  in  acetic  acid  gave  a  tetrabromide  with  m.p. 
149"  [20].  Synthesis  from  anisole  and  acetyl  chloride  [19]  gave  1,1-dianisylethylene  with  m.p.  140",  which  was  iden¬ 
tical  with  our  preparation. 
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Anisole -acetylene  [8].  Into  a  mixture  of  40  ml  (0.4  mole)  of  anisole,  30  g  (0.21  mole)  of  AICI3,  and  1  g  of 
mercuric  chloride  was  passed  12  liters  (0.5  mole)  of  acetylene  over  a  period  of  1  hr.  The  temperature  of  the  mix¬ 
ture  rose  to  55“  and  the  acetylene  was  absorbed  almost  completely.  The  mixture  was  treated  in  the  usual  way.  We 
obtained  25  g  (50®/«)  of  1,1-dianisylethylene  (m.p.  140*)  and  4.5  g  (S^t^-of  l,l~dianisylethane  (m.p.  65"). 

1,1-Dianisylethane— aluminum  chloride.  To  a  solution  of  12  g  of  1,1-dianisylethane  in  25  ml  of  anisole  was 
added  27  g  of  aluminum  chloride.  T^e  mixture,  which  darkened  strongly,  was  stirred  fcx  3  hr  and  then  left  at  20" 
for  20  hr.  We  obtained  2  g  of  p-ethylanisole  (b.p.  133-136"),  p-eihylphenol  (m.p.  46"),  6  g  of  1,1-dianisylethylene 
(m.p.  140"),  and  3  g  of  a  tarry  residue. 

SUMMARY 

1.  Condensation  of  toluene  with  vinyl  chloride  in  the  presence  of  small  amounts  (0.13  mole)  of  aluminum 
chloride  gave  1,1-ditolylethane  (66%)  and  small  amounts  of  p-ethyltoluene  and  2,6,9,10-tetramethylanthracene. 

The  use  of  1  mole  of  aluminum  chloride  led  to  1,1-ditolyleihylene  (24%),  p-ethyltoluene  (45%),  and  a  small  amount 
of  1,1-ditolylethane  (10%). 

2.  Regardless  of  the  amount  of  aluminum  chloride,  the  condensation  of  anisole  with  vinyl  bromide  and  chloride 
gave  1,1-dianisylethylene  (up  to  42%)  and  p-ethylanisole  (18%). 

3.  It  was  shown  that  under  the  action  of  aluminum  chloride  (at  20")  there  is  disproportionation  of  1,1 -diphenyl- 
ethane,  1,1-ditolylethane,  and  1,1-dianisylethane  to  the  corresponding  1,1-diarylethylenes  and  p-ethylarenes. 

LITERATURE  CITED 

1.  W.  AnschOtz,  Lieb.  Ann.,  2^.  331  (1886). 

2.  M.  Hanriot  and  J.  Hilbert,  Ber.,  11_  (Ref.),  208  (1884). 

3.  J.  Boeseken  and  M.  Bastet,  Zbl.,  II,  648  (1914). 

4.  J.  Davidson  and  A.LOwy,  Zbl.,  II,  3126  (1929). 

5.  M.  S.  Malinovskii,  ZhOKh,  17,  2235  (1947). 

6.  C.  Radzievanowski,  Ber.,  2^,  3238  (1894). 

7.  V.  V.  Korshak,  K.  K.  Samplavskaya,  and  A.  I.  Gershanovich,  ZhOKh,  1^,  1065  (1946). 

8.  E.  A.  Pavelkina  and  I.  P.  Tsukervanik,  DAN  UzbSSR,  (2)  24  (1952). 

9.  Monomers  [Russian  translation]  Coll.  I,  190  (IL,  1951). 

10.  Dictionary  of  Organic  Compounds  [Russian  translation]  2,  51  (IL,  1949). 

11.  I.  P.  Tsukervanik  and  G.  Vikhrova,  ZhOKh,  7,  635  (1937). 

12.  R.  AnschQtz,  Lieb.  Ann.,  235,  313  (1886). 

13.  R.  AnschOtz,  Ber.,  57,  1699  (1924). 

14.  E.  Barnett  and  M.  Mattews,  Ber.,  59,  1429  (1926). 

15.  Beilst.,  5,  339. 

16.  I.  P.  Tsukervanik,  Izv.  AN  SSSR,  OKhN,  533  (1953). 

17.  V.  V.  Korshak  and  K.  K.  Samplavskaya,  ZhOKh,  1^,  1470  (1948). 

18.  Beilst.,  6,  472. 

19.  L.  Gatterman,  Ber.,  1129  (1888). 

20.  P.  Pfeiffer  and  R.  Wizinger,  Lieb.  Ann.,  461,  150  (1928). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


STEREOCHEMISTRY  OF  NITROGEN  HETEROCYCLES 
XI.  INFRARED  SPECTRA  OF  SEVEN  STEREOISOMERS  OF  2-METHYL-4- 
H  YDROX  YDECA  H  YDROOUI  NOLINE 

O.  V.  Agashkin,  G.  S.  Litvinenko,  D.  V.  Sokolov, 
and  S.  S.  Chasnikova 

Institute  of  Chemistry,  Academy  of  Sciences  Kazakh.  SSR 
Translated  from  Zhurnal  Obshchei  Khimil,  Vol.  31,  No.  3, 
pp.  862-870,  March,  1961 
Original  article  submitted  March  7,  1960 


Many  papers  have  appeared  in  recent  years  on  the  use  of  infrared  spectra  for  studying  the  structure  of  various 
compounds  [1-4].  Investigations  of  this  type  have  been  of  particular  value  in  the  development  of  conformational 
analysis  [5]. 

In  the  present  article  we  give  the  infrared  spectra  of  seven  stereoisomers  of  2-methyl-4-hydroxydecahydro- 
quinolinc  and  put  forward  some  considerations  on  the  structures  of  the  latter. 

The  isomers  of  2-methyl-4-hydroxydecahydroquinoline  were  obtained  by  reduction  of  the  isomers  of  2-methyl- 
4-kctodecahydroquinoline  [6,  7].  Four  isomers  are  theoretically  possible  for  2-methyl-4-ketodecahydroquinoline 
and  tJiesc  differ  in  the  coupling  of  the  rings  and  the  position  of  the  methyl.  These  isomers  may  be  divided  into  two 
pairs,  each  of  which  differs  from  the  other  in  the  position  of  the  methyl  attached  to  the  piperidine  ring  relative  to 
die  Cg  carbon  and  is  not  converted  into  the  other;  within  each  pair  the  isomers  differ  in  the  coupling  of  the  rings 
and  may  be  converted  from  one  into  the  other  through  the  enol  form  (scheme  1,  isomers  1  and  II,  and  III  and  IV). 

To  each  of  the  ketones  correspond  two  alcohols  with  different  dispositions  of  the  hydroxyl  (V  and  VI,  Vll  and 
VIII,  IX  and  X,  and  XI  and  XII).  Only  the  chair  form  is  considered  for  all  the  isomers  as  many  studies  by  electron 
diffration  etc.  [8]  have  shown  that  the  chair  rather  thanrthe  bed  form  is  the  most  stable  form  of  six-membered  rings. 
Thus,  in  particular,  cis-decalin,  which  in  principle  may  exist  in  the  form  of  two  beds  or  two  chairs,  exists  in  the 
form  of  two  chairs  [9];  evidence  in  favor  of  the  chair  form  is  provided  by  the  fact  that  the  a-,  0  -,  and  y  -isomers 
of  2 -methyl -4-ketodecahydroquinoline  have  the  same  dipole  moment  [10]. 

Because  of  conversion  (reversing)  of  the  rings,  each  of  the  ketones  and  alcohols  with  cis-coupling  of  the  rings 
(ketones  II  and  IV  and  alcohols  VII,  VIII,  XI  and  XII)  has  two  conformations  (rotational  isomers),  the  second  of 
which  is  denoted  by  the  same  number  with  a  dash  (11',  IV’,  VII',  VIII’,  XT,  XU').  Reversal  does  not  form  new  geo¬ 
metric  isomers  (configurations)  and  in  practice,  the  isomers  will  exist  wholly  or  almost  wholly  in  one  of  the  con¬ 
formations  and,  in  particular  in  that  with  the  lowest  internal  energy.  As  a  rule,  this  conformation  is  the  one  with 
the  maximum  number  of  equatorial  bonds  [11]. 

An  investigation  of  the  isomerism  of  2-methyl-4-ketodecahydroquinoline  made  it  possible  to  obtain  three  of 
its  isomers  (a-,  0-,  and  y -isomers)  in  the  form  of  the  bases  and  all  four  isomers  of  the  ketone  (a-,  0-,  y-,  and  5- 
isomers)  in  the  fewm  of  the  N -benzoyl  derivatives  and  to  study  their  interconversions  in  the  pairs  a-0  and  y  —  6 
[12].  Reduction  of  the  four  N-benzoyl  derivatives  of  the  ketones  by  two  methods,  namely,  hydrogenation  over  a 
skeletal  nickel  catalyst  [6]  and  reduction  with  aluminum  isopropylate  [7],  gave  in  the  case  of  each  of  the  ketones 
only  two  definite  alcohols,  which  have  the  skeleton  of  the  starting  ketone  and  differed  from  each  odter  in  the  position 
of  the  hydroxyl  (axial  or  equatorial).  This  ma^le  it  possible  to  establish  experimentally  the  genetic  relation  between 
die  ketones  and  the  alcohols  (scheme  2),  whose  value  in  the  determination  of  the  configurations  is  clear  when  we  con¬ 
sider  that  it  shows,  for  example,  that  the  a  -  0  and  y  -  5  series  differ  from  each  other  in  the  orientation  of  the  methyl 
group  relative  to  the  Cg  carbon,  while  isomers  of  the  a-  series  differ  from  isomers  of  the  0 -series  in  the  coupling  of 
the  rings  and  likewise  for  isomers  of  the  y  -  and  6  -  series. 
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For  brevity,  the  isomers  of  2-methyl-4-hydroxydecahydroquinoline  will  subsequently  be  designated  by  the 
word  alcohol,  the  Greek  letter  of  the  starting  ketone,  and  the  melting  point  of  the  alcohol.  For  example,  the  isomer 
of  2 -methyl-4 -hydroxy decahydroquinoline  with  m.p.  127-128*,  which  was  obtained  from  the  a-ketone,  will  be 
written  as  alcohol  a-(m.p.  128®). 


Alcohol  Alcohol  Alcohol  Alcohol 

with  m.p.  127 — 128°  with  m.p.l33 — 134°  withm.p.  131 — 132°  with  m.p.  188 — 189° 

\  /  \  / 


\/ 
a  -Ketone 


y  -Ketone 

/\ 

/  \ 

Alcohol  Alcohol  Alcohol  Alcohol 

withm.p.  15/ — 158°  with  m.p.  143 — 144°  withm.p.  114 — 115°  Not  obtained 


\/ 

6  -Ketone 

5  -Ketone 
/\ 

/  \ 


The  infrared  absorption  spectra  given  in  the  present  work  were  obtained  on  an  lKS-14  infrared  spectrophoto¬ 
meter  with  NaCl  and  LiF  prisms.  The  samples  were  prepared  in  the  usual  way  both  as  solutions  in  CS2  (c  ^  0.03  M) 
and  as  crystals,  obtained  by  evaporation  of  the  solution  on  a  KBr  plate.  In  the  latter  case  the  thickness  of  the  working 
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TABLE  1.  Frequencies  of  Valence  Vibra¬ 
tions  of  C-O  and  O-H  Bonds  for  Solutions 
of  2-Methyl-4-hydroxydecahydroquinoline 
Isomers  in  CS2 


Isomer 

Vibration  frequen¬ 
cies  (cm‘^) 

C-O 

O-H 

a-(m.p.  12HO) 

1002 

3630 

<i-(m.p.  134®) 

1035 

3618 

P-(m.p.  132®) 

1029 

3618 

Nm.p.  189°) 

1025 

3616 

7-(m.p.  144®) 

1029 

3628 

•r-(m.p.  158®) 

1035 

36:K) 

i-(m.p.  115®) 

1031 

3622 

layer  was  not  checked.  In  all  the  spectra  allowance  was  made 
for  temperature  changes  in  the  material  of  the  prisms  and  this 
made  it  possible  to  reduce  the  instrument  error  in  the  measure¬ 
ment  of  the  frequencies  of  the  band  maxima  to  an  average  of 
3  cm"\ 

All  the  spectra  given,  with  the  exception  of  those  in  Fig.  4, 
are  copies  of  wcvking  records,  reduced  photographically. 

In  some  cases  it  was  necessary  to  resort  to  linear  scanning 
with  respect  to  wavelength;  however,  the  frequencies  of  the  maxi¬ 
ma  are  given  in  wave  numbers  of  the  figures  for  convenience  (Figs. 

1  and  3). 

According  to  literature  data  [4],  an  alcohol  with  an  equatorial 
hydroxyl  has  a  higher  frequency  for  the  C  -O  valence  vibrations 


than  an  alcohol  with  an  axial  hydroxyl.  On  the  sample  of  a  large 
number  of  steroid  alcohols.  Cole,  Jones,  and  Dobriner  [13]  came 
to  the  conclusion  that  depending  on  the  coupling  of  rings  A  and 
position  of  the  hydroxyl  (equatorial  or  axial),  the  frequencies  of  the  valence  vibrations  of  die 

following  values: 

Coupling  of 

c~o 

Vibration  frequencies 

rings  A  and  B 

position 

(in  cm”^) 

trans - 

eq. 

1037-1040 

trans- 

ax. 

996-1002 

cis- 

eq. 

1037-1044 

cis- 

ax. 

1032-1036 

The  data  presented  diow  that  only  alcohols  with  trans -coupling  of  the  rings  and  the  hydroxyl  in  the  axial  posi¬ 
tion  may  be  distinguished  with  sufficient  certainty. 


Fig.  1.  Infrared  absorption  spectra  of  2 -methyl-4 -hydroxydecahydroquinoline  stereoisomers 
dissolved  in  CS2.  1)  a-(m.p.  128“);  2)  a-(m.p.  134°);  3)  fl-(m.p.  189°);  4)  8-(m.p.  132°); 
5)  r-(m.p.  144°);  6)  y-fm.p.  158°);  7)  6-(m.p.  115°). 
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TABLE  2.  Frequencies  of  the  O— H  and  N— H 
Bonds  in  the  Spectra  of  Crystals  of  2-Meihyl- 
4-Hydroxydecahydroquinollne  Isomers 


Alcohol 

Frequency  of  valence 
vibration  band(cm‘^) 

O-H  in 
0-H...N 

complexes 

N-H  in 
N-H...O 

complexes 

a*(m.p.  128°) 

3124 

3278 

a-(  m.p.  134°) 

3084 

3275 

P-(  m.p.  132°) 

3140 

3280 

p-(m.p.  1«9°) 

3070 

3235 

7-(  m.p.  144°) 

3130 

3252 

^-(  m.p.  158°) 

3080 

3252 

6-(  m.p.  115°) 

3132 

3240 

cm‘^ 


Fig.  2.  Infrared  absorption  spectra  of  B- 
decalol  stereoisomers  dissolved  in  CS2  (according 
to  Dauben,  Hoerger,  and  Freemann  [3]),  Ex¬ 
planation  in  text. 


Figure  1  shows  spectra  of  solutions  of  seven  isomers  of  2-methyl-4-hydroxydecahydroquinoline.  Considering 
that  the  vibrations  of  the  C— O  bond  are  characteristic  both  with  respect  to  intensity  and  with  respect  to  frequency, 
we  determined  the  frequencies  of  these  vibrations  for  the  alcohols  investigated.  The  results  obtained  are  given  in 
Table  1. 


The  alcohol  a-(m.p.  128")  occupies  an  isolated  position  in  Table  1  and  in  acccMrdance  with  the  above  liter¬ 
ature  data,  trans-coupling  of  the  rings  and  the  axial  position  of  the  hydroxyl  may  be  assigned  to  it  with  certainty. 
Using  the  genetic  relation  between  the  alcohols,  we  can  readily  assign  a  configuration  to  the  alcohol  a-(m.p.  134*) 
also.  It  must  have  trans -coupling  of  the  rings  and  the  C~0  bond  in  the  equatorial  position.  The  frequencies  of  the 
C-O  band  of  all  the  other  isomers  are  too  close  to  draw  any  conclusions  on  the  positions  of  the  hydroxyls. 

In  certain  cases  [14]  it  is  known  that  a  higher  frequency  of  the  0-U  vibrations  corresponds  to  a  lower  frequency 
of  the  C-O  valence  vibrations.  Table  1  also  gives  the  frequencies  we  found  for  the  O-U  valence  vibrations  of  2- 
methyl-4-hydroxydecahydroquinoline  isomers  in  carbon  disulfide.  A  comparison  of  the  frequencies  of  the  C— O  and 
O— H  vibrations  diows  that  this  rule  holds  for  only  the  first  two  isomers  in  the  given  case  and  consequently,  provides 
no  fresh  information  for  assigning  definite  configurations  to  the  alcohols. 

It  is  natural  to  attempt  to  compare  the  spectra  of  2-methyl-4-hydroxydecahydroquinoline  isomers  with  the 
spectra  of  alcohols  of  similar  structure  that  have  been  studied  quite  reliably.  Figure  2,  which  was  taken  from  the 
work  of  Dauben,  Hoerger,  and  Freemann  [3],  gives  die  spectra  of  four  isomers  of  B-decalol,  whose  structures  are 
illustrated  below. 


H 

m 

m.p. 


•On(e) 


',-On{a) 


/\ 


\/ 


-OH(a) 


/\ 


1050 


II 
m.p. 


\/K/ 


Oll(e) 


18° 


II 

m.p. 


530 


./i\/ 

II 

m.p.  75° 


The  contours  of  the  bands  and  the  frequencies  of  the  maxima  of  the  alcohols  a-(m.p.  128°)  and  a-(m.p.  134°) 
are  analogous  to  those  of  the  corresponding  decalols  with  m.p.  53°  and  75°,  which  confirms  the  conclusion  already 
drawn.  In  all  the  other  cases,  the  frequencies  of  the  bands  of  the  decalols  differ  too  strongly  from  the  corresponding 
frequencies  of  2-methyl-4-hydroxydecahydroquinoline  and  it  would  be  imprudent  to  draw  conclusions  on  the  con¬ 
figurations  from  die  similarity  of  the  contours  alone  in  this  case  as  the  hydroxyl  groups  of  the  alcohols  compared  are 
in  different  positions  and  consequently,  the  mechanics  of  dieir  vibrations  may  differ  substantially. 

Analogous  considerations  may  be  applied  to  the  determination  of  the  position  of  the  methyl  group  from  the 
frequency  of  the  vibrations  of  the  C-CH3  bond,  which,  for  example,  in  methylcyclohexane  has  the  frequency  1087  cm“^ 
[16].  However,  as  a  comparison  of  Figs.  1  and  2  shows,  this  vibration  is  noncharacteristic  in  2-methyl-4-hydroxy- 
decahydroquinoline  isomers. 
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The  properties  of  the  bands  of  symmetrical  and  fully  symmetrical  vibrations  of  the  skeleton  lying  in  the  region 
of  900-700  cm“^  should  be  determined  by  the  configuration  of  the  carbon  skeleton  of  the  molecule.  An  examination 

of  the  low-frequency  region  in  Fig.  1  reveals  the  following 
notewortfiy  fact.  The  alcohol  a-(m.p.  128®)  has  die  most 


complex  spectrum,  while  the  alcohol  y-(m.p.  144®)  has  the 
simplest.  This  is  readily  explained  if  we  assign  to  the  fcmner 
trans-coupling  of  the  rings  and  axial  orientations  of  the  two 
substituents  (structure  VII)  and  to  the  latter,  trans-coupling 
and  equatorial  orientations  of  the  substituents  (structure  X). 

In  die  former  case,  the  carbon  skeleton  of  the  molecule  has 
the  greatest  strain  due  to  the  repulsion  of  the  two  axial  sub¬ 
stituents  in  the  1,3 -position  relative  to  each  other.  In  the 
latter  case,  the  carbon  skeleton  of  the  molecule  is  completely 
unstrained. 

On  the  basis  of  the  definite  structures  assigned  to  the 
isomeric  alcohols  a-(m.p.  128®)  and  y-(m.p.  144®)  and  dte 
genetic  relation  of  the  alcohols  (scheme  2)  it  is  possible  to 
draw  conclusions  on  the  structures  of  the  other  isomers.  The 
genetic  relation  of  the  alcohols  and  the  ketones  makes  it 
possible  to  determine  the  nature  of  the  ring  coupling  of  all 
the  alcohols  if  the  coupling  of  one  alcohol  from  each  of  the 
a-  B  and  y-  6  series  is  determined.  Consequently,  if  the 
alcohols  a-(m.p.  128®)  and  y-(m.p.  144®)  have  trans-coupling 
of  the  rings,  then  there  must  be  the  same  coupling  of  the 
rings  in  the  alcohols  a-(m.p.  134®)  and  y-(m.p.  158®);  the 
alcohols  6-(m.p.  132®),  0-(m.p.  189°),  and  6-(m.p.  115®) 
must  have  cis-coupling.  In  addition,  because  of  the  genetic 


Fig.  3.  Infrared  absorption  spectra  of  crystals  of 
2  -methyl-4 -hydroxydecahydroquinoline  stereo¬ 
isomers  in  the  region  of  900-670  cm"^.  1)  a- 
(m.p  128®);  2)  y-(m.p.  158®);  3)  y-(m.p.  144®); 
4)  6-(m.p.  115°);  5)  6-(m.p.  189®);  6)  a- 
(m.p.  134°);  7)fl-(m.p.  132°). 


relation,  there  is  the  possibility  of  determining  the  relation 
of  the  methyl  (equatorial  or  axial)  relative  to  the  Cg  carbon 
if  its  orientation  is  known  in  one  isomer  with  trans-coupling 
of  the  rings.  Since  the  structure  of  the  alcohol  a-(m.p.  l28®) 
was  determined  as  trans-coupling  of  the  rings  with  axial 
orientation  of  the  methyl,  then  all  the  alcohols  of  the  a -6 
series  must  have  the  methyl  in  the  trans -position  relative  to 
the  Cg  carbon;  correspondingly,  the  methyl  in  all  the  al¬ 


cohols  of  the  y  ~  6  series  must  occupy  the  cis -position  relative  to  the  Cg  carbon. 


In  examining  the  spectra  of  crystals,  it  must  be  remembered  that  the  role  of  polar  groups  differs  fundamentally 
in  the  mechanics  of  vibrations  of  free  and  bound  molecules.  While  a  polar  substituent  is  equivalent  to  a  nonpolar 
substituent  in  its  contribution  to  the  mechanics  of  vibrations  in  the  case  of  a  free  molecule,  a  polar  group  participat¬ 
ing  in  intermolecular  interactions  plays  a  quite  specific  role  in  a  molecule  present  in  a  crystal.  In  particular,  it 
must  have  a  controlling  influence  on  the  mechanics  of  the  vibrations  of  the  ring  to  which  it  is  attached.  In  accM- 
dance  with  this,  the  position  of  the  polar  substituent  (axial  and  equatorial)  must  have  a  strong  effect  on  the  nature  of 
the  spectra  of  the  cyclic  alcohols  studied  in  the  region  of  the  vibrations  of  iheir  carbon  skeletons. 


Figure  3  gives  the  spectra  of  the  alcohol  crystals  in  the  region  of  symmetrical  and  fully  symmetrical  vibra¬ 
tions  of  the  skeleton  (900-700  cm"^).  The  spectra  may  be  divided  into  two  groups:  the  first  group  includes  the  spec¬ 
tra  of  the  alcohols  a-(m.p.  128°),  y-(m.p.  158°),  0-(m.p.  189°),  and  y-(m.p.  132°);  the  second  group  includes  the 
spectra  of  the  alcohol  a-(m.p.  134°),  y -(m.p.  144°),  and  6-(m.p.  115°).  The  spectra  of  the  first  group  are  charac¬ 
terized  by  a  high  intensity  in  comparison  with  the  spectra  of  the  alcohols  of  the  second  group  and  the  presence  of 
vibrations  with  a  frequency  below  800  cm"^  (if  we  ignore  the  band  at  670  cm"^,  which  is  characteristic  of  all  the 
isomers;  in  this  case  it  may  be  used  as  a  measure  of  intensity  for  comparing  the  spectra).  The  alcohols  of  the  second 
group  have  a  lower  vibration  intensity  and  vibrations  are  completely  absent  from  the  region  below  800  cm“^.  In 
addition,  the  similarity  of  the  contours  of  the  spectra  in  each  group  is  noteworthy. 
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Since  the  alcohol  a-(ni.p.  128') 
die  frequency  of  the  C  “O  in  solution, 
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was  identified  as  having  trans-coupling  of  the  rings  and  an  axial  OH  from 
while  the  alcohol  a-(m.p.  134")  differs  from  it  only  in  the  position  of  the 

hydroxyl  group  (see  scheme  2),  then  it  must  be  concluded  that  the  above 
difference  in  the  vibrations  is  connected  with  the  different  positions  of 
the  hydroxyls  relative  to  the  rings.  If  this  is  so,  then  the  alcohols  y  - 
(m.p.  158"),  fl-(m,p.  189"),  and  8-(m.p.  132"),  like  the  alcohol  a- 
(m.p.  128"),  must  have  an  axial  hydroxyl,  while  the  alcohols  y-(m.p. 
144")  and  6 -(m.p.  115"),  like  the  alcohol  a-(m.p.  134"),  must  have 
an  equatorial  hydroxyl. 

Figure  4  shows  the  spectra  of  the  alcohols  in  the  crystalline  state 
in  the  region  of  the  valence  vibrations  of  the  C-H,  N-H,  and  O-H 
bonds.  By  a  comparison  with  the  spectrum  of  trans-decahydroquinoline 
and  a  spectrum  typical  of  N-benzoyl  derivatives  of  the  alcohols,  which 
are  illustrated  in  the  same  figure,  it  may  be  established  that  the  broad 
band  at  3100  cm"^  is  caused  by  absorption  of  a  hydroxyl  participating 
in  a  hydrogen  bond  of  the  type  O— H...N,  while  the  narrow  band  at 
3250  cm"^  may  be  associated  only  with  the  absorption  of  an  N~H  bond, 
whose  hydrogen  is  involved  in  an  intermolecular  hydrogen  bond  of  the 
type  N“H...O.  No  other  signs  of  a  hydrogen  bond  in  crystals  of  2- 
methyl-4-hydroxydecahydroquinoline  iscxners  were  detected,  indicating 
that  interactions  of  the  type  O— H...O  and  N— H...N  did  not  occur  in 
any  of  the  crystalline  alcohols.  This  knowledge  is  very  important  for 
establishing  the  structures  of  the  crystals,  but  is  probably  less  important 
for  determining  the  configurations  of  the  separate  molecules.  The  latter 
becomes  plain  when  one  examines  the  frequencies  of  the  O— H  and 
N— H  bands  given  in  Table  2. 


Z700  2900  3100  3300  3500 

cm“i 

Fig.  4.  Infrared  absorption  spectra  of 
crystals  of  2-methyl-4-hydroxydeca- 
hydroquinOline  stereoisomers  in  the 
region  of  2700-3500  cm"^.  1)  N- 
Benzoyl  derivative  of  the  alcohol  y  - 
(m.p.  144°);  2)  trans-decahydroquino¬ 
line;  3)  6 -(m.p.  115");  4)  y -(m.p. 144"); 
5)  y-(m.p.  158");  6)  0-(m.p.  189"); 

7)  d-(m.p.  132");  8)  a-(m.p.  134");  9) 
a-(m.p.  128"). 


As  the  data  in  this  table  show,  the  frequencies  of  the  O— H  bands 
are  divided  very  sharply  into  two  groups.  A  comparison  of  the  melting 
points  of  the  alcohols  with  the  corresponding  frequencies  of  the  O— H 
band  shows  that  within  each  pair  of  alcohols,  the  absorption  frequency 
of  the  hydroxyl  is  lower,  the  higher  the  melting  point  of  the  alcohol. 
Since  the  configurations  of  each  pair  of  alcohols  are  identical  in  every¬ 
thing  apart  from  the  orientation  of  the  hydroxyls,  the  difference  in  the 
melting  points  must  be  mainly  due  to  the  difference  in  the  energy  of 
the  hydrogen  bond.  It  would  have  been  natural  to  associate  the  fre¬ 
quency  of  the  O-H  band  with  the  orientation  of  tlie  hydroxyl  relative 
to  the  ring.  However,  this  reaction  is  not  that  simple  as  it  is  also  neces¬ 
sary  to  consider  the  state  of  the  second  parmer  in  the  hydrogen  bond 
0-H...N,  namely,  the  nitrogen. 


Table  2  shows  that  the  N— H  frequencies  are  also  divided  into  two  groups  and  this  division  coincides  with  the 
division  of  the  isomers  with  respect  to  the  orientation  of  the  C-CH3  bond.  Consequently  the  difference  in  the  N-H 
frequencies  may  be  associated  with  the  orientation  of  the  methyl  relative  to  the  ring.  Considering  the  previous 
assignments  for  the  alcohols  a-(m.p.  128")  and  y-(m.p.  144"),  an  axial  disposition  of  the  methyl  relative  to  the  ring 
may  be  assigned  to  the  alcohols  a-(m.p.  134")  and  B-(m.p.  132°)  and  an  equatorial  disposition  to  the  alcohols  of  the 
y  -  6  series  and  the  alcohol  0-(m.p.  189").  The  different  frequencies  of  the  N-H  bands  for  these  groups  may  be 
explained  by  the  fact  that  there  are  two  different  methods  of  packing  in  the  crystal  in  accordance  with  the  orientation 
of  the  methyl.  With  more  dense  packing,  the  conditions  for  the  interaction  N-H...0  are  more  favorable  and  the 
N-H  frequency  is  lower  and  vice  versa  with  less  dense  packing.  In  the  given  case,  the  packing  density  depends  on 
the  direction  of  the  C“CH3  bond  relative  to  the  ring.  With  an  equatorial  disposition,  two  neighboring  molecules 
may  approach  to  the  minimal  distances  and  thus  create  the  most  favorable  conditions  for  an  interaction  through  the 
hydrogen  bondN“H..XD.  With  the  methyl  group  in  the  axial  position,  only  a  more  open  crystal  structure  is  possible; 
the  higher  frequencies  of  the  N-H  bond  correspond  to  this  as  the  interaction  conditions  are  less  favorable  in  this 
case.  In  addition  to  the  position  of  the  hydroxyl  relative  to  the  ring,  the  method  of  packing  of  the  molecules  in  the 
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TABLE  3.  Spectroscopic  and  Chemical  Assignment  of  Definite  Structures  to  2 -Methyl-4 
Hydroxydecahydroquinoline  Isomers  (a -axial  orientation,  e -equatorial). 


Alcohols 

Chemical  interpretation 

position 
of  CHj 
relative 
to  Cg 

ring 

coup¬ 

ling 

OH 

CH, 

struc  - 

ture 

positioi 
of  CHj 
relative 
to  C*g 

ring 

coup¬ 

ling 

OH 

CHj 

struc¬ 

ture 

a-(  m.p. 

12SO) 

trans- 

trans- 

a 

a 

V 

trans- 

trans  ■ 

a 

a 

V 

a-(  m.p. 

i:viO) 

trans- 

trans- 

e 

a 

VI 

trans- 

trans- 

e 

a 

VI 

B-(  m.p. 

132°) 

trans- 

cis- 

a 

a 

VII 

trans- 

cis- 

a 

a 

VII 

P-(  m.p. 

189°) 

trans- 

cis- 

e 

a 

Vlll 

trans- 

cis- 

a 

e 

VIII 

7-(  m.p. 

144°) 

cis- 

trans  - 

e 

e 

X 

cis- 

trans- 

e 

e 

X 

lf-(  m.p. 

1.58°) 

cis- 

trans- 

a 

e 

IX 

cis- 

trans- 

a 

e 

IX 

^-(  m.p. 

115°) 

cis- 

cis- 

e 

e 

XII 

cis- 

cis- 

e 

e 

XII 

crystal  must  natiually  affect  the  frequency  of  the  bands  of  the  hydroxyl  participating  in  the  O— H...Nbond.  It  is 
possible  tliat  with  one  method  of  packing,  the  stronger  0-H...N  bond  is  given  by  one  position  of  the  hydroxyl  rela¬ 
tive  to  die  ring  and  with  the  other  method  of  packing,  the  stronger  bond  is  given  by  the  other  position  of  the  hydroxyl. 
The  data  in  Table  2  show  that  in  the  case  of  more  open  packing  (N-H  band  frequency  3275  cm"^),  the  isomer  a- 
(m.p.  128°)  with  an  axial  hydroxyl  gives  the  least  displacement  of  the  0-H  frequency,  while  in  the  case  of  denser 
packing  (N-ll  band  frequency  3245  cm"^),  the  least  displacement  of  the  0-H  frequency  corresponds  to  the  y~ 

(m.p.  144°),  whose  structure  was  determined  as  trans-coupling  of  the  rings  and  equatorial  orientation  of  the  methyl 
and  hydroxyl.  Consequently,  the  equatorial  position  of  the  hydroxyl  is  more  favorable  in  the  former  case  and  the 
axial  position,  in  the  latter.  Correspondingly,  the  hydroxyl  a-(m.p.  134°)  and  6  “(m.p.  115°)  must  be  equatorial 
and  tliat  in  the  alcohols  0-(m.p.  132°),  fl-(m.p.  189°),  and  y-(m.p.  158°),  axial. 

lliere  is  still  another  point  to  be  considered.  According  to  literature  data  [16],  the  frequency  of  2962  ±  10cm“^ 
corresponds  to  the  symmetrical  valence  vibration  of  CH3.  As  Fig.  4  shows,  all  the  alcohols  have  this  frequency  with 
the  exception  of  the  alcohol  a-(m.p.  128°),  for  which  it  is  raised  to  3018  cm"^  This  characteristic  of  the  alcohol 
a-(m.p.  128°)  is  yet  another  manifestation  of  the  steric  effect  of  the  adjacent  hydroxyl  on  the  methyl  group. 

The  facts  and  considerations  presented  above  make  it  possible  to  determine  all  the  elements  of  the  con¬ 
figurations  of  tire  alcohols.  The  results  of  chemical  interpretation  [6,  7]  and  the  assignments  on  the  basis  of  the 
infrared  absorption  spectra  are  compared  in  Table  3. 

The  data  in  tlie  table  show  that  the  spectroscopic  interpretation  coincides  with  the  chemical  interpretation 
in  almost  all  details.  The  only  exception  is  the  alcohol  0-(m.p.  189°).  However,  considering  that  structure  with 
cis-coupling  of  the  rings  have  the  possibility  of  reversal,  the  apparent  discrepancy  is  readily  understood:  the  chemi¬ 
cal  interpretation  is  based  on  the  study  of  reactions  occurring  in  solutions  and  it  is  quite  possible,  therefore,  that  the 
discrepancy  is  connected  with  the  possibility  of  the  alcohol  6 -(m.p.  189°)  existing  in  one  conformation  in  solution 
and  in  another  in  the  crystal. 

The  assignment  of  definite  structures  to  the  isomers  of  2-methyl-4-hydroxydecahydroquinoline  makes  it  possible 
to  determine  thi  structure  of  the  ketones  by  means  of  the  genetic  relation  between  the  alcohols  and  the  ketones:  the 
a-  and  y -ketone,  must  have  trans -coupling  of  the  rings  and  the  0-  and  6 -ketones;  cis-coupling,  in  the  a-  and 
0 -ketones,  the  methyl  must  be  in  the  trans-position  relative  to  the  carbon  and  in  the  y-  and  6 -ketones,  in  the 
cis-position. 

In  conclusion,  we  should  consider  another  observation,  which  may  be  of  more  general  impcartance  than  the 
assignment  of  definite  structures  to  the  isomers  of  2-methyl-4-hydroxydecahydroquinoline.  It  was  reported  previous¬ 
ly  [16]  that  the  absence  of  valence  vibration  bands  of  the  N— H  bond  is  characteristic  of  the  infrared  spectra  of  so¬ 
lutions  of  saturated  nitrogen  compounds.  However,  as  we  found,  compounds  of  this  series  in  the  crystalline  state 
give  infrared  spectra  containing  quite  an  intense  band  corresponding  to  the  N-H  vibration.  The  position  of  this 
band  is  determined  by  tlie  strength  of  the  hydrogen  bond  in  which  the  NH  group  hydrogen  participates.  Trans- 
decahydroquinoline  and  the  seven  isomers  of  2-methyl-4-hydroxydecahydroquinoline  may  be  cited  as  examples. 


SUMMARY 

1.  We  obtained  the  infrared  spectra  of  seven  stereoisomers  of  2-methyl-4“hydroxydecahydroquinoline  both 
in  the  crystalline  state  and  as  solutions  in  carbon  disulfide. 

2.  A  study  of  the  infrared  spectra  made  it  possible  to  assign  definite  structures  to  the  2 -methyl -4 -hydroxy - 
decahydroquinoline  isomers  and  these  agreed  in  general  with  the  structures  assigned  to  them  on  the  basis  of  chemical 
data. 

3.  A  study  of  the  spectra  of  the  crystals  in  the  region  of  the  C~H,  O— H,  and  N~H  valence  vibrations  showed 
that  the  molecules  of  2-methyl-4-hydroxydecahydroquinoline  isomers  are' bound  by  hydrogen  bonds  of  only  two  types, 
namely,  0-H...N  and  N-H...O,  in  the  crystals. 
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Literature  data  published  in  recent  years  show  that  oxidation— reduction  systems  may  be  used  very  effectively 
for  initiating  various  radical  processes  and,  in  particular,  polymerization  at  low  temperatures  in  aqueous  emulsions. 
The  high  efficiency  of  oxidation— reduction  systems  was  first  observed  by  B.  A.  Dolgoplosk  et  al  [1],  who  used  hydro¬ 
gen  peroxide  and  diazoaminobenzene  as  oxidizing  agents  and  various  monosaccharides  as  reducing  agents.  Many 
oxidation- reduction  systems  have  found  wide  application  in  the  production  of  high- polymer  materials  [2], 

The  present  article  is  devoted  to  a  study  of  the  rate  of  oxidation—  reduction  reactions  of  tertiary  hydroperoxides 
with  complex  molybdenum  salts. 


EXPERIMENTAL 

Tert-butyl  hydroperoxide  (CHs)sCOOH  (I)  was  obtained  by  the  method  of  Milas  et  al.  [3],  and  contained  17.75^o 
of  active  oxygen  (theoretical  \l.lW]o), 

Isopropylbenzene  hydroperoxide  C5Hs(CHs)2COOH  (II)  was  obtained  by  autooxidation  of  isopropylbenzene  and 
contained  lO.SO^o  of  active  oxygen  (theoretical  10.527o). 

1,1-Diphenylethane  hydroperoxide  (C5H5)2CH3CCX)H  (III)  was  obtained  by  autooxidation  of  1,1-diphenyIethane, 
melted  at  82*,  and  contained  7.487o  of  active  oxygen  (theoretical  7.47%)  [4]. 

Potassium  tetrahydroxotetracyanomolybdate  K4[Mo(OH)4(CN)J  •  6H20(1)  was  obtained  for  the  first  time  by 
Heide  and  Hofman  [5]. 

Potassium  hydroxosulfotetracyanodiaquomolybdate  K3[MoS(OHXCN)^H20)2]  •  2H2O  was  described  previously  [6]. 

The  rate  of  the  oxidation— reduction  reactions  was  studied  in  a  separatory  funnel  with  a  carefully  ground  tap 
(without  grease)  and  stopper.  For  the  removal  of  oxygen  from  the  funnel,  purified  nitrogen  was  passed  tlirough  a  glass 
tube  sealed  to  the  lower  part  of  die  funnel  for  a  definite  time. 

Into  the  funnel  was  placed  100  ml  of  a  solution  of  the  complex  molybdenum  salt  (1.2-2  •  10"^  M)  and  50  ml 
of  a  benzene  solution  of  the  hydroperoxide  carefully  run  on  top  of  this  with  a  pipette.  The  contents  of  the  flask  were 
then  shaken  vigorously  on  a  mechanical  shaker  at  a  definite  temperature  and  for  a  definite  time.  The  shaker  was  then 
stopped  and  after  the  layer  had  separated,  15  ml  of  solution  was  withdrawn  from  the  benzene  layer  with  a  pipette  for 
determination  of  the  unreacted  hydroperoxide.  The  hydrqieroxide  content  of  the  sample  was  determined  iodometric- 
ally.  At  the  same  time,  the  unreacted  complex  molybdenum  salt  in  the  aqueous  phase  was  determined  potentiomet- 
rically  with  the  potassium  tetrahydroxoteuracyanomolybdate  (1)  titrated  with  a  0.01  N  solution  of  potassium  ferri- 
cyanide  KsCFefCNlg]  in  an  alkaline  medium  as  it  is  unstable  in  an  acid  medium.  Potassium  hydroxosulfotetracyano- 
diaquomolybdate  (2)  was  determined  in  an  acid  medium  with  a  0.001  N  solution  of  potassium  permanganate.  The 
titration  reagent  was  added  from  a  microburette.  The  experiments  were  carried  out  at  5,  10,  20,  and  30°and  various 
medium  pH  values. 

The  procedure  for  the  emulsion  polymerization  of  styrene  was  described  in  a  separate  paper  [7]. 
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Reaction  of  Tertiary  Hydroperoxides  with  Complex  Molybdenum  Salts 

For  studying  oxidation- reduction  reactions,  we  chose  as  the  oxidants  the  tertiary  hydroperoxides  (I-ni),  as 
they  differ  considerably  in  solubility  in  the  aqueous  phase.  The  reducing  agents,  i.e.,  the  complex  molybdenum 
salts  (1)  and  (2),  give  brightly  colored  aqueous  solutions.  A  solution  of  the  salt  (1)  is  blue,  while  that  of  the  salt  (2) 
is  violet.  As  the  oxidation- reduction  reactions  proceeded,  the  intensity  of  the  color  decreased.  Data  on  the  reac¬ 
tions  proceeded,  the  intensity  of  the  color  decreased.  Data  on  the  reaction  of  the  hydroperoxides  with  the  complex 
salt  (1)  at  20*  and  pH  6.95  ate  given  in  Fig.  1,  which  shows  that  the  tert- hydroperoxides  reacted  with  the  complex 
salt  (1)  at  different  rates,  depending  on  their  solubility  in  the  aqueous  phase.  The  reaction  was  mote  rapid  with 


Fig.  1.  Rate  of  oxidation— reduction  reaction 
between  hydroperoxides(c  1.72  •  10"*  M)and 
K4[Mo(OH)4(CN)4]  •  BHjOfc  2.10  •  10‘*  M). 
I)  (CHjljCOOH,  II)  CgHsfCHjlzCOOH,  HI) 
(CjHbIzCHjCOOH. 


Fig.  2.  Rale  of  oxidation  -reduction  reaction 
of  (Cn3)3COOH  (c  1.72  10-* M) and  the  salts 
(c  2.10  •  10**M).  1)  K4l>lo(OH)4(CN)4]  • 

•  6H2O,  2)  K3[MoS(OH)(CN)4(H20)2] -21120. 


water-soluble  tert-butyl  hydroperoxide  and  much  slower  with  isopropylbenzene  and  1,1-diphenylethane  hydroperox¬ 
ides.  Thus,  the  introduction  of  phenyl  groups  into  the  tertiary  radical  reduces  the  solubility  of  the  hydroperoxides  in 
the  aqueous  phase  and  consequently  produces  conditions  that  are  less  favorable  to  an  oxidation— reduction  reaction 
between  hydroperoxides  and  mineral  reducing  agents. 

For  determining  the  effect  of  the  reducing  agents  on  the  course  of  the  reaction  we  used  the  complex  molyb¬ 
denum  salts  (1)  and  (2)  at  20*  and  pH  6.95  (Fig.  2). 

Figure  2  shows  that  the  oxidation— reduction  reaction  between  tert-butyl  hydroperoxide  and  the  complex 
molybdenum  salts  (1  and  2)  proceeded  rapidly  in  the  initial  stage  with  the  complex  salt  (1)  reacting  to  a  greater 
extent  than  the  sulfur-containing  complex  (2).  The  reaction  rates  then  became  approximately  the  same.  This  be¬ 
havior  of  complex  salts  of  tenavalent  molybdenum  when  acting  as  reducing  agents  is  evidently  connected  with  the 
presence  of  loosely  bound  hydroxyl  groups  in  the  inner  coordination  sphere  of  the  salt(l)  and  more  firmly  bound 
sulfur  in  the  salt  (2). 

To  determine  the  effect  of  concentration,  we  used  the  complex  salt  (1)  at  pH  6.95  and  20*  (Fig.  3).  The  data 
presented  show  that  the  rates  of  the  oxidation— reduction  reaction  between  water- solution  tert-butyl  hydroperoxide 
(in  a  nittogen  atmosphere)  increased  with  an  increase  in  the  concentration  of  the  complex  molybdenum  salts. 

To  determine  the  effect  of  medium  pH  on  the  oxidation— reduction  reaction,  we  carried  out  experiments  at 
20*  with  the  complex  salt  (2),  as  the  salt(l)  is  stable  only  in  neutral  and  alkaline  media  (Fig.  4). 

The  data  obtained  show  that  the  pH  of  the  medium  effected  the  reaction  between  tert-butyl  hydroperoxide 
and  the  complex  molybdenum  salt  (2).  The  rates  of  the  oxidation— reduction  reaction  at  the  pH  values  studied  were 
approximately  the  same  in  the  initial  period  and  then  the  reaction  proceeded  more  slowly  at  pH  6.95  then  at  pH  2.5 
and  8.93. 

In  an  acid  medium,  the  molybdenum  salt  (2)  forms  the  acid  H2[Mo(CN)4S(H20)s  [6],  which  is  less  stable  than 
the  complex  salt  (2),  and  this  promotes  the  oxidation— reduction  reaction.  As  a  result  of  the  high  reducing  activity 
of  the  complex  acid,  die  rate  of  reaction  in  an  acid  medium  (ph  2.5)  approached  the  rate  of  reaction  of  the  hydro¬ 
peroxide  with  the  salt  (2)  in  an  alkaline  medium  (ph  8.93). 
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Fig.  3.  The  relation  of  the  rate  of  the 
oxidation— reduction  reaction  [(CHj]jC(X)H 
1.72  •  10"‘*  M]  to  the  K4[Mo(OH)^CN)4]  • 

•  6HjO  concentration  (M).  1)  1  ‘  10”^, 

2)  2  •  lO"-*,  3)  4  •  10-^ 


Fig.  4.  Effect  of  medium  pH  on  the  oxida¬ 
tion—  reduction  reaction  between  (CHj)8COOH 
(c  1.72  X  10"'*  M)  and  KjfMoSfOH)  (CN)^H,0)i]  • 
•  2H2O  (c  2.10  •  10"'*  M).  pH  values:  1)  2.5; 

2)  6.95,  3)  8.93. 


Fig.  5.  Effect  of  temperature  on  the 
oxidation— reduction  reaction  between 
(CHjljCOOH  and  the  salt  KjfMoSfOH)- 
(CN)^H20)2]  •  2H20(pH  6.95).  1)5*, 
2)  10‘.  3)20".  4)30*. 


Fig.  6.  Rate  of  styrene  polymerization  at  5" 
in  the  presence  of  (CH3)sCC)OH  (I)  and 
C6H6(CH3)2C00H  (II).  With  the  salt 
K4[Mo(OH)^CN)4]  •  6H20(c  1.33  x  10"*  M)- 

—  lines  Ii  and  IIi;  with  the  saltK3[MoS(OH)- 
(CN)^H20)2]  •  2H20(c  1.27  •  10-*M)- 

—  lines  I2  112. 


To  determine  the  effect  of  temperature  on  the  reaction  between  tert-butyl  hydroperoxide  and  the  complex 
salt  (2),  we  carried  out  experiments  at  pH  6.95  and  reagent  concentrations  of  2  *  10"^  M  (Fig.  5).  The  data  obtained 
show  that  the  reaction  rate  increased  with  a  rise  in  temperature. 

The  oxidation— reduction  systems  studied  were  also  tested  in  the  polymerization  of  styrene  in  aqueous  emul¬ 
sions.  The  results  of  these  investigations  for  tert-butyl  and  isq)ropylbenzene  hydrqjeroxides  and  die  complex  salts 
of  tetravalent  molybdenum  are  given  in  Fig.  6,  which  shows  that  the  polymerization  of  styrene  in  the  presence  of 
tertiary  hydroperoxides  and  the  complex  salt  (1)  proceeded  quite  rapidly  with  the  degree  of  polymerization  reaching 
65-70%  after  25-30  min  [8]. 

The  polymerization  proceeded  more  slowly  with  the  second  molybdenum  salt  under  the  same  conditions  an 
the  degree  of  polymerization  reached  40-45%  after  2  hr.  Thus,  the  complex  molybdenum  salt  (2)  is  less  efficient  as 
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a  reducing  agent  in  low- temperature  polymerization  tfian  salt  (1).  It  should  also  be  noted  that  aqueous  solutions  of 
these  salts  have  an  intense  color  and  this  disappeared  as  the  reaction  proceeded,  making  it  possible  to  follow  the 
course  of  polymerization  visually. 


SUMMARY 

1.  A  study  was  made  of  oxidation- reduction  systems  coasisting  of  the  tertiary  hydroperoxides  (CHj)3COOH, 
and  C5Hg(CH8)2)COOH,  (CgH5)2CH8CC)OH  and  complex  salts  of  tetravalent  molybdenum  K4[Mo(OH)^CN)4]  •  6H2O, 
and  K8[MoS(OHXCN)^H20)2]  •  2H2O. 

2.  It  was  shown  that  these  systems  may  be  used  for  initiating  low- temperature  polymerization. 
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Klosa  established  that  the  reaction  of  4-hydroxycoumarin  with  aliphatic  acids  in  the  presence  of  phosphorus 
oxychloride  forms  the  corresponding  3-acyl-4-hydroxycoumarins  [1, 2],  but  the  formation  of  4-acyloxycoumarins 
was  not  observed;  the  latter  are  hydrolyzed  to  4-hydroxycoumarin  by  heating  with  phosphorus  oxychloride  (with 
subsequent  decomposition  with  water).  As  only  3-pr(^ionyl- ,  and  not  3-acetyl-4-hydroxycoumarin  could  be  iso¬ 
lated  from  the  products  from  the  reaction  of  4-acetoxycoumarin  with  propionic  acid  in  the  presence  of  phosphorus 
oxychloride,  Klosa  came  to  the  conclusion  that  there  is  no  possibility  of  the  intermediate  formation  of  a  4-acyloxy- 
coumarin  with  its  subsequent  rearrangement  to  the  corresponding  3- acyl- 4-hydroxycoumarin,  similar  to  the  Fries 
rearrangement,  and  proposed  the  following  reaction  scheme. 

0  O 

>\A/” 

^1  I  |N.  -hx-i  I 

o  OH 

^\A/" 

I  I  |\cOCH3ji|  I  I 

AA'xq^AO  A/xq/^o 

The  C-acylation  of  4-hydroxycoumarin  by  aliphatic  acyl  chlorides  in  pyridine  proceeds  quite  differently. 

Link  established  that  the  first  stage  of  the  reaction  is  die  formation  of  a  4-acyloxycoumarin  and  this  could  be  iso¬ 
lated  from  the  reaction  mixture  in  the  initial  stage  of  the  reaction  [3].  Link's  scheme  produced  an  objection  from 
Brandstrom,  who  explained  the  C-acylation  of  4-hydroxycoumarin  on  the  basis  of  the  properties  of  the  "mesomeric" 
ion  of  the  keto  enol  [4]  and  the  simultaneous  occurrence  of  C-  and  O- acylation.  However,  as  the  latter  reaction 
is  icversible,  while  the  former  is  not  appreciably  so,  the  C-acylation  product  gradually  accumulates.  In  contradic- 
tioii  to  this,  Veres  and  Horak  proposed  that  the  formation  of  a  3- acyl- 4-hydroxycoumarin  is  the  result  of  a  rearrange¬ 
ment  of  the  4-acyloxycoumarin,  analogous  to  the  Fries  rearrangement,  which  is  catalyzed  by  pyridine  hydrochlo¬ 
ride  [51. 

From  our  point  of  view.  Link’s  scheme  is  indefensible  as  Link  explained  the  low  rate  of  formation  of  3-acetyl- 
4-hydroxycoumarin  (in  comparison  with  the  rate  of  formation  of  4-acetoxycoumarin)  by  a  low  rate  of  conversion 
of  the  enolate  anion  into  an  anion  with  a  charge  at  C3,  while  this  conversion  can  hardly  occur  at  all  as  it  has  been 
established  that  anions  of  keto  enols  have  an  enolate  structure  [6]. 

If  the  scheme  proposed  by  Klosa  is  correct,  then  the  replacement  of  acetic  acid  by  monochloroacetic  or 
cyanoacetic  acid  in  this  reaction  cannot  change  the  direction  of  acylation  and  can  only  affect  the  quantitative 
aspects  of  the  process.  Klosa  described  the  product  from  the  reaction  of  4-hydroxycoumarin  with  monochloro¬ 
acetic  acid  as  a  "ketone,"  but  did  not  give  either  the  properties  or  a  demonstration  of  its  structure;  no  communica¬ 
tion  has  appeared  yet  on  the  structure  of  the  product  from  the  reaction  with  cyanoacetic  acid  [2,  7]. 

By  the  reaction  of  4-hydroxycoumarin  with  monochloroacetic  acid  in  phosphorus  oxychloride  we  obtained  a 
product  with  m.p.  156.5-158°,  which  was  found  to  be  4-chloroacetoxycoumarin;  its  structure  was  demonstrated  by 
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Fig.  1.  Ultraviolet  spectra  of  4-hydroxy- 
coumarin(l)  and  4-chloroacetoxycoumarin 
(2)  in  alcohol  at  a  concentration  of  0.0001 
mole/  liter. 


s 


Fig.  2.  Ultraviolet  spectra  of  4-hydroxy- 
coumarin  at  a  concentration  of  0.0001  mole 
per  liter.  1)  In  alcohol;  3)  in  acetic  acid; 
in  phosphtxus  oxychloride;  4)  in  l(Plo  sodium 
hydroxide  solution; 


the  fact  that  it  did  not  give  reactions  for  a  ketone  or  a  color  with  ferric  chloride  solution,  but  was  hydrolyzed  readi¬ 
ly  to  4 -hydroxy coumarin  and  its  ultraviolet  spectrum  was  similar  to  that  of  4-acetoxycoumarin  (Fig.  1).  We  were 
unable  to  detect  a  C-acylation  product,  i.e.,  a  "ketone."  Analogous  results  were  obtained  by  acylation  of  4-hy- 
droxycoumarin  with  cyanoacetic  acid,  but  the  yield  of  4-cyanoacetoxycoumarin  was  very  low  because  of  a  side 
reaction  of  cyanoacetic  acid  with  phosphorus  oxychlcxide. 

Thus,  the  experimental  data  obtained  do  not  agree  with  the  acylation  scheme  proposed  by  Klosa.  Despite 
the  fact  that  Klosa  stated  that  the  rearrangement  of  a  4-acyloxycoumarin  to  a  3-acyl-4-hydroxycoumarin  does  not 
occur  in  the  given  case,  it  seems  to  us  that  this  course  of  the  reaction  cannot  be  excluded  completely  [8]. 

As  a  result  of  the  reaction  of  4-acetoxycoumarin  with  monochloroacetic  acid  in  the  presence  of  phosph(»us 
oxychloride,  we  obtained  a  mixture  of  products,  from  which  we  were  able  to  isolate  4-chloroacetoxycoumarin, 

3- acetyl-4-hydroxycoumarin,  and  (after  dilution  with  water)  4-hydroxycoumarin.  It  is  quite  evident  that  in  this 
case  the  ion  of  the  enol  4-hydroxycoumarin,  which  was  formed  as  a  result  of  cleavage  of  the  unstable  4-acetoxy- 
coumarin,  was  acylated  in  both  possible  directions. 

However,  allowance  must  be  made  for  the  fact  that  in  the  given  case  we  have  acid  residues  which  differ 
strongly  in  electrophilicity  (acetic  acid  monochloroacetic)  and  which,  as  was  shown  above,  behave  differently  in 
the  acylation  itself  (leading  to  the  3-acetyl  derivative  in  die  first  case  and  the  4-chloroacetoxy  derivative  in  the 
second).  In  ccder  to  eliminate  this  factca:,  we  treated  4-caproyloxycoumarin  with  excess  acetic  acid  under  the 
same  conditions;  this  gave  71.97o  of  3-acetyl-  and  lO^o  of  3- caproyl- 4-hydroxycoumarin.  In  the  reaction  of  4- 
acetoxycoumarin  with  excess  caproic  acid  under  the  same  conditions,  the  yield  of  3- caproyl- 4-hydroxycoumarin 
rose  to  50%,  while  3-acetyl-4-hydroxycoumarin  (identified  as  the  phenylhydrazone)  was  found  in  only  an  insignif¬ 
icant  amount.  As  a  result  of  the  reaction  of  equimolecular  amounts  of  4- caproyloxy coumarin  and  acetic  acid  it 
was  possible  to  isolate  only  &^o  of  3-caproyl-4-hydroxycoumarin  (the  main  reaction  product  was  4-chlorocoumarin, 
which  was  obtained  in  40%  yield).  Thus,  the  experimental  data  obtained  indicate  that  the  formation  of  the  3-acyl- 

4- hydroxycoumarin  as  a  result  of  rearrangement  of  the  preliminary  formed  4-acylcoumarin  is  possible  in  principle. 

However,  the  fact  that  the  degree  of  electrophilicity  of  the  acid  used  far  the  acylation  has  a  substantial  effect 
on  the  direction  of  the  reaction  indicates  that  in  the  given  case,  a  fundamental  role  is  played  by  the  double  reactiv¬ 
ity  of  the  ion  of  the  enol  4-hydroxycoumarin,  which  appears  as  the  transfer  of  the  reaction  center  from  the  O  atom 
in  position  4  to  the  C  atom  in  position  3  [9]. 

In  this  connection  it  seemed  interesting  to  study  the  acylation  of  the  sodium  and  silver  salts  of  4-hydroxy- 
coumarin,  the  first  of  which  must  have  a  strongly  ionized  O— Na  bond  under  normal  conditions  and  the  second,  an 
almost  covalent  O— Ag  bond;  naturally,  under  the  reaction  conditions  (i.e.,  in  the  presence  of  phosphorus  oxychlo¬ 
ride)  both  these  salts  will  give  the  ion  of  4-hydroxycoumarin  enolate  at  a  certain  rate.  It  was  found  that  in  both 
cases  the  reaction  widi  acetic  acid  in  the  presence  of  phosphorus  oxychloride  ftxmed  a  mixture  of  O-  and 
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C-acylation  products  with  the  former  predominating  in  the  case  of  the  sodium  salt(30.?7o  of  4-acetoxycoumarin 
and  \9.2Plo  of  3- acetyl- 4-hydroxycoumarin)  and  die  latter  in  the  case  of  the  silver  salt(15.8‘7o  of  4-acetoxycoumarin 
and  42.37o  of  3-acetyl-4-hydroxycoumarin).  It  seems  to  us  that  the  results  obtained  confirm  the  double  reactivity 
of  the  enolate  ion  of  4-hydroxycoumarin. 

A  study  of  the  ultraviolet  absorption  spectra  of  4-hydroxycoumarin  in  various  media  showed  (Fig.  2)  that  the 
curves  for  an  alkaline  solution  (in  which  the  4-hydroxycoumarin  was  present  wholly  in  the  fcwm  of  the  enolate 
anion)  and  for  phosphorus  oxychloride  solution  were  completely  analogous  and  differed  sharply  from  curves  for  al¬ 
cohol  and  acetic  acid  solutions.  This  is  a  further  demonstration  of  die  fact  that  on  acylation  with  aliphatic  acids 
in  the  presence  of  phosphorus  oxychloride  (by  Klosa’s  method),  4-hydroxycoumatin  reacts  in  the  form  of  the  enol 
ion,  which  shows  double  reactivity. 

EXPERIMENTAL 

4-Hydtoxycoumarin  was  obtained  by  cyclization  of  methyl  Oacetylsalicylate  in  vaseline  oil  [10];  the  yield 
was  21.5f7o  and  the  m.p.  217-218*.  Literature  data:  m.p.  213-217*  [10]. 

4-Chloroacetoxycoumarin.  A  mixture  of  10  g(0.06  mole)  of  4-hydroxycoumarin,  20  g(0.2  mole)  of  chloro- 
acetic  acid,  and  10  ml  (0.11  mole)  of  phosphorus  oxychloride  was  boiled  under  reflux  for  45  min  and  cooled  few: 

10  min  and  the  mobile  upper  layer  poured  into  iced  water  (decomposition  of  the  tarry  lower  layer  with  ice  yielded 
4.2  g  of  4-hydroxycoumarin).  The  light  gray  precipitate  was  collected,  washed  with  water,  and  dried  at  90-100* 
Recrystallization  from  benzene  yielded  5,0  g(57.5‘7o,  calculated  on  the  4-hydroxycoumarin  reacting)  of  colcvless 
needles  with  m.p.  156.5-158*. 

Found  <70:  C  55.24,  55.03;  H  3.11,  3.13;  Cl  15.22.  C„H704C1.  Calculated  <7o:  C  55.34;  H  2.93;  Cl  14.88. 

The  product  did  not  react  with  semicarbazide  or  phenylhydrazine  and  was  insoluble  in  lO^o  alkali  in  the  cold, 
but  was  hydrolyzed  to  4-hydroxycoumarin  on  heating.  It  did  not  give  a  colot  with  ferric  chloride. 

4-Cyanoacetoxycoumarin.  A  mixture  of  5  g(0.03  mole)  of  4-hydroxycoumarin,  5  g(0.06  mole)  of  cyano- 
acetic  acid,  5  ml  (0.055  mole)  of  phosphorus  oxychloride,  and  40  ml  of  chlorobenzene  was  boiled  under  reflux  and 
stirred  for  15  min;  the  mass  became  red  and  viscous.  The  chlorobenzene  layer  was  decanted  and  cooled  and  the 
light  red  precipitate  which  separated  was  collected.  We  obtained  0.1  g  of  4-cyanoacetoxycoumarin  as  colorless 
needles  with  m.p.  177-178*  (from  benzene). 

Found  <70:  N  6.23,  5.96.  C12H7O4N.  Calculated  %:  N  6.11. 

The  product  did  not  react  with  semicarbazide  or  phenylhydrazine,  but  was  hydrolyzed  by  boiling  with  water 
or  heating  to  50*  with  IQPjo  alkali  to  form  4-hydroxycoumarin.  It  did  not  give  a  colot  with  ferric  chloride. 

Reaction  of  4-acetoxycoumarin  with  monochloroacetic  acid.  A  mixture  of  4.8  g  (0.023  mole)  of  4-acetoxy¬ 
coumarin  (obtained  by  the  method  in  [11],  m.p.  103*),  24  g(0.25  mole)  of  monochloroacetic  acid,  and  9.6  g 
(0.1  mole)  of  phosphorus  oxychloride  was  boiled  for  20  min  (115-120*  in  bath).  After  cooling  to  50“,  the  mobile 
upper  layer  was  decanted  into  200  ml  of  iced  water  and  left  overnight.  The  colcHrless  precipitate  was  collected, 
washed  with  water,  stirred  for  30  min  in  100  ml  of  lO^o  sodium  carbonate,  and  collected.  We  obtained  1.8  g(32^o) 
of  4-chloroacetoxycoumarin  with  m.p.  155-156*  (from  benzene).  A  mixed  melting  point  with  the  substance  de¬ 
scribed  above  was  not  depressed.  The  sodium  carbonate  solution  was  acidified  with  hydrochlcnric  acid  and  the  pre¬ 
cipitate  collected,  washed  with  water,  and  dried;  we  obtained  0.95  g(19.97o)  of  3- acetyl- 4-hydroxycoumarin  with 
m.p.  135-136“  (from  alcohol).  A  mixed  melting  point  with  the  substance  obtained  by  the  method  in[l]  was  not 
depressed.  Decomposition  of  the  tarry  residue  of  the  reaction  mixture  with  iced  water  yielded  1.8  g  (47%)  of  4- 
hydroxycoumarin  with  m.p.  217-218“  (from  water). 

Reaction  of  4-caproyloxycoumarin  with  acetic  acid,  a)  A  mixture  of  5  g(0.02  mole)  of  4-caproyloxy- 
coumarin  (obtained  by  the  method  in  [12],  m.p.  70-71*),  25  ml  (0.4  mole)  of  glacial  acetic  acid,  and  8  ml 
(0.09  mole)  of  phosphe^rus  oxychloride  was  heated  at  110*  for  25  min.  The  solution  obtained  was  poured  onto  ice 
and  on  the  following  day,  the  precipitate  was  collected,  washed  with  water,  mixed  with  150  ml  of  5%  bicarbonate, 
and  collected.  Acidification  of  the  bicarbonate  solution  with  hydrochloric  acid  yielded  0.29  g(9.3%)  of  4-hydroxy- 
coumarin  with  m.p.  215-216*.  Fractional  crystallization  of  the  bicarbonate- insoluble  residue  from  alcohol  yielded 
0.5  g  (10%)  of  3-caproyl-4-hydroxycoumarin  (first  fraction  of  crystals)  as  colorless  platelets  with  m.p.  110-111* 
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and  2.8  g  (75.57o)  of  3- acetyl-4- hydroxycoumarin  with  m.p.  134-136“.  Mixed  melting  points  of  the  two  substances 
with  authentic  compounds  were  not  depressed. 

b)  A  mixture  of  2.5  g  (0.01  mole)  of  4-caproyloxycoumarin,  0.58  ml  (0.01  mole)  of  glacial  acetic  acid,  and 
5  ml  (0.055  mole)  of  phosphorus  oxychloride  was  heated  at  100-110*  for  25  min  and  the  hot  solution  poured  onto  ice. 

A  dark  oil,  which  was  insoluble  in  alkali,  separated  and  rapidly  crystallized.  Evapcxation  of  the  solution  after  separ¬ 
ation  of  the  oil  yielded  0.5  g(32f7o)  of  4-hydroxycoumarin  with  m.p.  214-217*.  Recrystallizatioii  of  the  solid  part 
from  alcohol  yielded  0.15  g(07o)  of  3-caproyl-4-hydroxycoumarin  with  m.p.  110*  and  evaporation  of  the  mother 
solution  and  recrystallization  of  the  residue  from  aqueous  alcohol  yielded  0.8  g  (46*70)  of  4-chlorocoumarin  with  m.p. 
90-92*.  A  mixed  melting  point  with  the  substance  obtained  by  the  method  in  [13]  was  not  depressed. 

Reaction  of  4-acetoxycoumarin  with  caproic  acid.  A  mixture  of  2  g  (0.01  mole)  of  4-acetoxycoumarin,  26  ml 
(0.2  mole)  of  caproic  acid,  and  4  ml  (0.044  mole)  of  phosphOTus  oxychloride  was  heated  at  110*  for  25  min.  The 
mobile  upper  layer  was  decanted  into  iced  water  and  left  overnight  and  the  precipitate  collected,  washed  with  water, 
and  dried  to  yield  1.28  g  (50%)  of  3-caproyl-4-hydroxycoumarin  with  m.p.  109-111*  (from  alcohol).  The  alcohol 
mother  solution  was  evaporated  to  dryness,  the  residue  dissolved  in  2  ml  of  alcohol,  and  the  solution  mixed  with  a 
warm  solution  of  0.2  g  of  phenylhydrazine  in  3  ml  of  alcohol.  Cooling  the  reaction,  mixture  yielded  yellow  needles 
with  m.p.  230-230.5*,  which  did  not  depress  the  melting  point  of  4-hydroxycoumarin  phenylhydrazone,  obtained  by 
the  method  in  [2].  Decomposition  of  the  tarry  residue  from  the  reaction  mixture  with  iced  water  yielded  0.53  g 
(33%)  of  4-hydroxycoumarin  widi  m.p.  216-217*. 

Reaction  of  sodium  salt  of  4-hydroxycoumarin  with  acetic  acid.  A  mixture  of  8.2  g  (0.045  mole)  of  the  sodi¬ 
um  salt  of  4-hydroxycoumarin  (obtained  by  dissolving  excess  4-hydroxycoumarin  in  alkali,  evaporating  the  solution 
to  dryness,  and  treating  the  residue  with  hot  anhydrous  alcohol  to  remove  excess  4- hydroxycoumarin)?  35  ml 
(0.6  mole)  of  glacial  acetic  acid,  and  15  ml  (0.16  mole)  of  phosphorus  oxychlcaride  was  boiled  for  0.5  hr,  the  solution 
decanted  into  iced  water,  and  on  the  following  day,  the  precipitate  collected,  washed  with  water,  and  treated  with 
80  ml  of  10%  sodium  carbonate  solution.  After  recrystallization  from  benzene,  the  soda- insoluble  residue  had  m.p. 
103-105*  (2.79  g,  30.7%)  and  did  not  depress  the  melting  point  of  4-acetoxycoumarin,  obtained  by  the  method  in[ll]. 
Acidification  of  the  sodium  carbonate  solution  yielded  1.76  g(19.3%)  of  3- acetyl-4- hydroxycoumarin  with  m.p.  135- 
136*  (from  alcohol).  Decomposition  of  the  tarry  reaction  residue  with  iced  water  yielded  2.7  g  (37.5%)  of  4-hydroxy¬ 
coumarin  with  m.p.  218*. 

Reaction  of  silver  salt  of  4-hydroxycoumarin  with  acetic  acid.  A  mixture  of  5  g  (0.02  mole)  of  the  silver  salt 
of  4-hydroxycoumarin  (obtained  by  the  method  in  [11]),*  *  16  ml  (0.25  mole)  of  glacial  acetic  acid,  and  9  ml 
(0.1  mole)  of  phosphorus  oxychloride  was  treated  as  in  the  previous  experiment  to  yield  0.6  g  (15.8%)  of  4-acetoxy¬ 
coumarin  and  1.6  g  (42.3%)  of  3-acetyl-4- hydroxycoumarin.  The  tarry  reaction  residue  yielded  0.9  g  (31%)  of  4-hy- 
droxycoumarin. 


SUMMARY 

1.  It  was  established  that  the  acylation  of  4-hydroxycoumarin  with  aliphatic  acids  in  the  presence  of  phos¬ 
phorus  oxychloride  can  lead  to  not  only  3-acyl-4-hydroxycoumarins  (as  stated  by  Klosa),  but  also  4-acyloxycoumarins 
(4-chloroacetoxy-  and  4-cyanoacetoxycoumarins),  which  is  the  result  of  the  double  reactivity  of  the  ion  of  the  enol 
4-hydroxycoumarin,  formed  as  an  intermediate. 

2.  It  was  shown  experimentally  that  the  formation  of  3-acyl-4-hydroxycoumarins  by  rearrangement  of  4-acyl¬ 
oxycoumarins  in  the  presence  of  phosphorus  oxychloride  is  possible  in  principle. 
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Mixed  anhydrides  of  aromatic  sulfonic  acids  and  0,0- dialky Idithiophosphoric  acids  of  the  general  formula 
R'CjH4SO|S(S)P(OR)2  have  not  been  described  in  the  literature.  Nonetheless,  these  compounds  could  be  of  interest 

VI  n  V 

as  insecticides  and  also  as  a  new  group  of  organophosphorus  compounds  containing  S—S— P  bonds.  A  probable  syn¬ 
thesis  of  these  compounds  is  given  by  the  following  scheme: 

R'C,H4S02CI  +  KS(S)P(0R)2  — ►  R'CeH4S02S(S)P(0R)2-l- KCl 

This  method  of  synthesizing  mixed  anhydrides  was  studied  on  the  sample  of  the  reaction  of  carbonyl  chlorides 
and  salts  of  O,0-dialkyldithiophosphoric  acids  [1].  However,  derivatives  of  arenesulfonyl  chlorides  are  known  to  be¬ 
have  as  chlorinating  agents  in  some  reactions  [2].  Al’mashi  and  Gants  [3]  recently  investigated  the  reaction  of  4- 
chlorobenzenesulfonyl  chloride  with  sodium  diethylthiophosphite  and  showed  that  the  reagent  acts  as  a  chlorinating 
agent  in  this  case  and  the  main  reaction  may  be  represented  by  the  following  scheme: 

(C2H50)2PSNa  i-  C1S02C,H4CI  — *  (C2H50)2P(S)Gl  +  NaS02C«H4Cl 

On  the  basis  of  the  above,  we  investigated  the  reaction  of  some  arylsulfonyl  chlorides  with  potassium  salts  of 
O,0-dialkyldithiophosphoric  acids.  p-Toluene-  and  p-chlorobenzenesulfonyl  chlorides  were  used  as  the  sulfonyl 
chlorides.  As  the  second  component  we  used  salts  of  0,0-dialkyldithiophosphoric  acids  (RO)2P(S)SK,  where  R  =  CHj, 
C2H5,  n-CsBf,  and  iso-C3H7.  The  investigation  showed  that  with  equimolecular  ratios  of  the  starting  materials,  ap¬ 
proximately  half  of  the  sulfonyl  chloride  did  not  react.  If  1  mole  of  the  sulfonyl  chloride  and  2  moles  of  the  potas¬ 
sium  salt  were  used,  the  reaction  proceeded  quite  readily  and  the  starting  materials  reacted  practically  completely. 
The  reaction  was  more  rapid  with  p- chlorobenzene  sulfonyl  chloride  than  with  p-toluenesulfonyl  chloride. 

The  mixed  anhydride  R'C5H4S02S(S)P(0R)2  was  not  detected  in  the  reaction  products  in  any  case.  The  follow¬ 
ing  substances  were  isolated  from  the  reaction  mixture  and  identified:  1)  (RO)2  P(S)SS(S)P(OR)2  (R  =  C2H5,  n-C3H7, 
and  iso-C3HT),  2)  R’CeHiSOjK,  3)  R’C3H4S02SK,  4)  R’C,H4S02S02C8H4R’  (R*  =  CH3,  Cl)  and  5)  potassium  chloride. 

The  investigation  of  the  reaction  products  led  to  the  conclusion  that  in  the  cases  investigated,  the  sulfonyl 
chlorides  behaved  as  chlorinating  agents  toward  the  potassium  salts  of  O.O-dialkyldithiophosphoric  acids  and  reacted 
according  to  die  scheme; 

R'C6H4S02C1  +  2KS(S)P(0R)2  — *  R'CeH4S02K  +  KCl  -f  (RO)2P(S)SS(S)P(OR)2  (  1 ) 

In  addition  to  this  main  reaction,  there  was  also  a  side  reaction: 

R'C8H4S02C1  + KS(S)P{0R)2  —  (R0)2P{S)C1  4- R'CuI^SO^SK  (2) 

The  presence  of  very  small  amounts  of  bis-(p-R’-phenyl)  a-disulfone  in  the  reaction  products  may  be  explained 
by  the  subsequent  reaction: 


R'CeH4S02K  f  C1S02C8H4R'  — R'CelUSOjSOjCoHiH' -f  KCl 


(3) 
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EXPERIMENTAL 


Preparation  of  potassium  0,0-dialkyldithiophosphates.  Despite  the  fact  that  many  authors  have  worked  with 
potassium  salts  of  0,0-dialkyldithiophosphoric  acids  [4a,  b),  the  literature  does  not  contain  isolation  methods  and 
the  constants  of  these  salts,  apart  from  those  of  potassium  0,0-diethyldithiophosphate  [4a,  b].  This  compelled  us  to 
develop  a  method  fa:  isolating  these  salts.  The  dialkyldithicphosphoric  acid,  which  was  obtained  by  the  usual  meth¬ 
od,  namely,  the  reaction  of  freshly  distilled  P2S5  with  an  anhydrous  alcohol,  was  freed  from  alcohol  in  a  water-pump 
vacuum.  The  residue  was  dissolved  in  dry  ether  and  neutralized  with  excess  potassium  carbonate.  The  precipitate 
was  collected,  washed  several  times  with  dry  ether  on  the  filter,  dried,  and  treated  with  acetone.  The  unreacted 
potassium  carbonate  was  removed  by  filttation  and  the  acetone  evaporated  in  vacuum.  The  residue  was  dissolved  in 
a  minimal  amount  of  acetone  and  the  potassium  salt  of  the  0,0- dialky Idithiophosphoric  acid  precipitated  with  3-4 
volumes  of  dry  ether,  benzene  or  carbon  tetrachloride.  The  same  treatment  was  repeated  2-4  times.  The  salts  ob¬ 
tained  and  their  constants  are  given  in  Table  1. 


TABLE  1.  Potassium  O,0-Dialkyldithiophosphates 


Formula 

M.p. 

% 

'‘in  S 

Yield 

(%) 

found 

calc. 

(CH..,0)2P(S)SK 

171  —  172°  decomp. 

15.7,  1.5.7 

15.8 

.32.4,  32.2 

,32.7 

5.0 

((wll5D)-.l’(S)SK 

IDfi  * 

13.9,  13.7 

13.8 

28.8,  28. S 

28.6 

35.8 

(n  -C;,ll7()).,l'(S)SK 

165 

12.3,  12.3 

12.3 

25.6,  25.4 

25.4 

38.6 

(iso  -‘(:.,ll70).,l‘{S)SK 

193 

12.3,  12.4 

12.3 

25.5,  25.5 

25.4 

39.1 

•  According  to  literamre  data;  m.p.  156-157*  and  194-195"  [4a,  b]. 

The  salts  obtained  were  odorless,  white,  crystalline  solids,  which  dissolved  readily  in  water,  alcohols,  acetone, 
and  methyl  ethyl  ketone.  They  were  insoluble  in  benzene,  ether,  toluene,  xylene,  and  ligroin.  They  were  not  very 
hygroscopic,  which  is  contradictory  to  literature  data  [4  b].  They  were  stable  at  normal  temperature  and  did  not 
decompose  on  storage.  On  prolonged  drying  in  a  drying  cupboard  at  100",  they  decomposed  though  they  melted 
sharply  at  a  higher  temperature. 

Reaction  of  potassium  0,0-dialkyldithiophosphates  with  arenesulfonyl  chlorides.  A  4.49  g  sample  (0.02  mole) 
of  potassium  0,0-diethyldithiophosphate  was  dissolved  in  20  ml  of  acetone  and  a  solution  of  1.91  g  (0.01  mole)  of 
p-toluenesulfonyl  chloride  in  20  ml  of  acetone  added  drqiwise  over  a  period  of  30  min  with  vigorous  stirring  at  2-3". 
Stirring  was  continued  for  2  hr  and  the  mixture  left  at  room  temperature  for  24  hr.  The  precipitate  of  potassium 
chlaide  and  the  potassium  salt  of  the  sulfinic  acid  was  washed  repeatedly  with  acetone  and  the  potassium  salt  of  the 
sulfinic  acid  isolated  by  recrystallization  from  anhydrous  alcohol.  We  obtained  1.12  g{51S°Jo). 

Found  <7o:  8  16.6,16.4.  C7H7O2SK.  Calculated  S  16.5. 

A  small  amount  of  the  potassium  salt  of  the  sulfinic  acid  was  dissolved  in  water  and  the  solution  acidified  with 
concentrated  hydrochlaic  acid.  The  melting  point  of  the  crystals  isolated  was  82-83*.  The  melting  point  of  p- 
toluenesulfinic  acid  is  84-85"  [5].  The  acetone  solution  was  evaporated  at  room  temperature  and  the  residue  treated 
with  ether.  Potassium  p-toluenethiosulfonate  was  separated  from  the  ether  solution  by  filtration.  We  obtained  0.25g 

(ll.oyo). 

Found  <7o:  8  28.2,28.5.  C7H7O252K.  Calculated  8  28.3. 

Acidification  of  an  aqueous  solution  of  this  salt  with  hydrochloric  acid  precipitated  sulfur  which  is  character¬ 
istic  of  salts  of  thiosulfonic  acids  [6].  The  ether  solution  was  evaporated  and  the  residue  treated  with  a  small  amount 
of  alcohol  in  the  cold.  The  bis-(p-tolyl)  a-disulfone,  which  is  sparingly  soluble  in  alcohol,  was  collected  and  re¬ 
crystallized  from  benzene;  we  obtained  0.05  g. 

Found ^yo:  8  20.4,20.3.  Ci4Hi40482.  Calculated  8  20.7. 
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TABLE  2.  Products  Isolated  from  the  Reaction  of  Potassium  0,0  Dialky Idithiophosphates 
with  Aromatic  Sulfonyl  Chlorides* 


•/.  F 

’  1 

7*  S 

Formula 

Melting  point 

found 

calc. 

Literature 

((C2ll60)2P(S)Sl2b 

23-24° 

(23-24) 

16.5,  16.6 

16.7 

•- 

— 

(7a.  b.  cj 

f(n  -Cnn70)..P(S)S|.,‘^ 

— 

14.3.  14.4 

14.5 

29.7.  29.6 

30.1 

(TC) 

17a.  bi 

((iso  -C.,II70)2P(S)SJ2 

90-91 

(90-91) 

14.6,  14.6 

14.5 

29.8.  29.8 

30.1 

|4-CIl3Ccn4S02]2 

209—210  decomp. 
(210— 212)decomp. 

— 

— 

20.4.  20.3 

20.7 

I«1 

lA-ClCi\\^SO.,U 

196-197 

(196) 

— 

— 

18.2.  17.9 

18.3 

P\ 

4-CU.,C«M4S02K 

— 

16.6.  16.4 

16.5 

— 

4-CIC„H4S02Kd 

— 

14.6.  14.5 

14.9 

— 

4-CH.,C,;'n4Sb2SK 

— 

— 

— 

28.2.  28.5 

28.3 

— 

4-CICUH4SO2SK® 

— 

— 

— 

26.2.  26.2 

26.0 

3)Literature  data  are  given  in  brackets. 

b)  n*®D  (1.5600). 

c)  n*®D  1.5468  (1.5392),  d*®4  1.1652  (1.1656). 

d)  Pound'll):  €116.5,16.5.  Calculated  <70:  Cl  16.5. 

e)  Found  ofo:  €114.1,14.1.  Calculated  <7o:  Cl  14.4. 

Removal  of  die  alcohol  yielded  a  yellow  oil,  which  crystallized  when  cooled  strongly.  The  bis-( 0,0- diethyl 
dithiophosphate)  was  purified  by  recrystallization  from  ligroin  with  cooling  in  liquid  nitrogen.  We  obtained  2.20  g 
(59.4(7o). 

Found  ®/o:  P  16.5,  16.6.  CgH2o04S4P2.  Calculated  %:  P  16.7. 

The  substances  obtained  by  the  reaction  of  potassium  0,0-diethyldithiophosphate,  0,0-di-n-prc^yldithio- 
phosphate,  and  0,0-di-isopropyldithiophosphate  with  p-chloroben2ienesulfonyl  and  p-toluenesulfonyl  chlorides  were 
isolated  and  identified  analogously.  The  amounts  of  the  products  obtained  varied  over  a  wide  range.  The  constants 
of  the  substances  obtained  and  their  analyses  are  given  in  Table  2. 

The  reaction  of  potassium  0,0  dime  thy  Idithiophosphate  with  p-toluenesulfonyl  and  p-chlorobenzenesulfonyl 
chlorides  was  carried  out  analogously.  From  3.92  g(0.02  mole)  of  potassium  O.Odimethylditfiiophosphate  and 
1.91  g(0,01  mole)  of  p-toluenesulfonyl  chloride  we  isolated  0.64  g  of  potassium  chloride  and  0.70  g  of  potassium 
p-toluenesulfinate.  From  3.92  g(0.02  mole)  of  potassium  0,0-dimethyldithiophosphate  and  2.11  g(0.01  mole)  of 
p-chlorobenzenesulfonyl  chloride  we  isolated  0.58  g  of  potassium  chloride  and  0.90  g  of  potassium  p-chlorobenzene- 
sulfinate.  It  was  not  possible  to  isolate  individual  substances  from  the  complex  mixture  of  reaction  products  con¬ 
taining  phosphorus  in  either  case. 


SUMMARY 

The  reaction  of  potassium  0,0-dialkyldithiophosphates  with  aromatic  sulfonyl  cL.lorides  was  investigated.  It 
was  shown  that  aromatic  sulfonyl  chlorides  do  not  form  mixed  anhydrides  by  reaction  with  potassium  0,0-dialkyl¬ 
dithiophosphates,  but  have  a  chlorinating  action. 
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Compounds  containing  a  carbohydrate  residue  connected  directly  to  heterocyclic  residues  by  a  carbon— carbon 
bond  are  of  great  interest  among  substances  with  possible  physiological  activity.  Such  compounds  have  been  know.n 
for  a  long  time  [1,  2].  Syntheses  of  quinoxaline  [1-3],  benzimidazole  [4],  thiophene,  and  other  heterocyclic  com¬ 
pounds  with  carbohydrate  residues  have  been  described  [5-9]. 

I.  Ya.  Postovskii  and  M.  I.  Ermakova  synthesized  a  series  of  formazans  and  1,3,4-thiodiazolines  [10]  with  car¬ 
bohydrate  residues  in  position  5.  Some  fccmazans  with  carbohydrate  residues  have  been  prepared  and  subsequent 
reduction  of  these  with  hydrogen  sulfide  gave  hydrazides  of  thialdonic  acids  with  glucose  and  galactose  residues  [11]. 

It  seemed  interesting  to  synthesize  a  series  of  unsymmetrically  substituted  1,5-diphenylformazans  with  carbo¬ 
hydrate  residues  in  position  3. 

1 ,5  -  D  iphe  nyl- 3 -( D- ga  lac  to)- f  or  ma  za  ns 


NNNC(H, 

CHj0H(CH0H)i,C^ 

^N  =  N 


Sample 

No. 

K 

M.p. 

Yield 

(%) 

Empirical  formula 

•/.  N 

found 

calc. 

1 

0-CH3 

1540 

63 

C10H24O6N4 

14.49, 

14.22 

14.43 

2 

JH-CHj 

156 

66 

C19H  2405^4 

14..30. 

14.49 

14.43 

3 

160 

72 

^10^^ 24^6^4 

1.3.91, 

14.07 

14.43 

4 

5.4-{CfH3), 

168 

67 

C2oH2«^5^4 

13.63, 

1.3.64 

13.93 

5 

P-C2H5 

155-156 

87 

C2oH2805l'^4 

13.50, 

13.65 

1.3.93 

6 

0-OCH3 

162 

93 

^19^24^0^4 

13.82, 

13.91 

1.3.86 

7 

P-OCH3 

132 

74 

C19H24OUN4 

13.90, 

13.95 

13.86 

8 

o-OC.,H5 

166 

90 

^20^^  26^6^4 

13.08, 

1.3.20 

13.40 

9 

P-OC2H5 

117-118 

71 

^20^^  2606^4 

13.02, 

13.13 

13.40 

10 

0-  iso-OC3H7 

156 

82 

G21  H290nN4 

12.88, 

13.07 

12.96 

11 

o-n  -OC4H9 

169-170 

85 

C22H30O0N4 

12.15, 

12.26 

12.56 

12 

O-p  -OC4H9 

167-168 

68 

C22H3oO„N4 

12.27, 

12.38 

12.56 

13 

o-CI 

179 

53 

C,8H2,05N4CI 

13.81, 

13.84 

13.71 

14 

^-CI 

167-168 

79 

C,8H2,05N4CI 

13.81, 

13.84 

13.71 

15 

p  Cl 

165-166 

76 

C,8H2,05N4CI  • 

16 

o-Hr 

183—184 

54 

C,8H2,05N4Br 

11.81, 

11.92 

12.36 

17 

p-Br 

156-157 

77 

C,8H2i05N,nr 

11.99, 

11.86 

12.36 

18 

jW-  1 

150 

79 

CI8H2105N4 1 

11.24, 

11.44 

11.20 

19 

P- 1 

137-139 

73 

C,8H2,05N4l 

11. .52, 

11.47 

11.20 

20 

2.4-Cl 

189 

96 

^18^2005^4012 

12.25, 

12.30 

12.64 

21 

2.4-Br 

188-189 

49 

Ci8H2o05N4Br2 

10.18, 

10.23 

10.13 

•Described  in  the  literature  [10]. 
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Ultraviolet  spectra  of  fctmazans.  1)  l-(p-anisyl)-5-phenyl-3-(D-galacto)-formazan; 

2)  l-(p-phenetyl)-5-phenyl-3-(D"galacto)-formazan;  3)  l-(p-n-butoxyphenyl)-5- 
phenyl-3-(D-galacto)-formazan;  4)  l-(o-anisyl)-5-phenyl-3-(D-galacto)“formazan; 

5)  l-(o-phenetyl)-5-phenyl-3-(D-galacto)-fOTmazan;  6)  l-o-isoprq50xyphenyl)-5- 
phenyl-3-(D-galacto)-formazan.  Solution  concentrations  (M):  1-3)  3.3*10"®; 

4-6)  2.2  •  10-®. 

Unsymmetrical  fcxmazans  of  galactose  were  obtained  from  the  corresponding  phenylhydrazones  by  the  action 
of  diazonium  salts  of  other  amines  according  to  the  following  scheme; 


The  table  gives  the  unsymmetrically  substituted  l,5-diphenyl-3-(D-galacto)-formazan£  synthesized. 

As  the  data  given  show,  these  compounds  were  obtained  in  high  yields  and  were  red  or  cherry-red  crystalline 
substances  with  a  metallic  luster.  The  absorption  curves  of  substituted  formazans  with  carbohydrate  residues  in 
position  3  are  given  in  the  figure. 


EXPERIMENTAL 

l-(o-Tolyl)-5-phenyl-3-(D-galacto)-formazan.  A  4.3-g  sample  of  o-toluidine  in  9.3  ml  of  concentrated  hy¬ 
drochloric  acid  and  9.3  ml  of  water  was  diazotized  with  a  solution  of  4.3  g  of  sodium  nitrite  in  12  ml  of  water  at 
0-5*.  A  10- g  sample  of  D- galactose  phenylhydrazone  prepared  by  Fischer’s  method  [12],  was  dissolved  in  45  ml  of 
pyridine  and  30  ml  of  water.  To  the  solution  of  the  hydrazone  at  0*  was  added  the  solution  of  diazotized  o-toluidine 
and  then  the  reaction  mixture  was  added  with  stirring  to  625  ml  of  iced  water  and  left  overnight.  The  precipitate 
was  collected,  washed  with  a  large  amount  of  water,  dried  at  room  temperature,  and  recrystallized  from  hot  butanol. 
We  obtained  9  g  (63%)  of  the  formazan  as  red  platelets  with  a  bronze  luster  and  m.p.  154®,  which  were  soluble  in  al¬ 
cohol,  dioxane,  acetone,  pyridine,  and  acetic  acid,  slightly  soluble  in  benzene  and  carbon  tetrachlCMride,  and  sparing¬ 
ly  soluble  in  water. 

All  the  formazans  given  in  the  table  were  obtained  analogously  to  l-(o-tolyl)-5-phenyl-3-(D-galacto)- 
formazan. 

The  absorption  spectra  of  some  formazans  are  given  in  the  figure. 

SUMMARY 

Twenty  unsymmetrically  substituted  l,5-diphenyl-3-(D-galacto)-formazans  which  have  not  been  described  in 
the  literature,  were  synthesized  and  the  absorption  spectra  of  some  of  them  were  measured. 
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DERIVATIVES  OF  A  MIN  OG  U  AN  IDIN  ES  AND  THEIR  CONVERSIONS 
I.  SYNTHESIS  OF  ACYLAMIDOGUANIDINES  AND  3-SUBSTITUTED  5- AMINO- 1,2,4- TRI AZOLES 

V.  Ya.  Grinshtein  and  G.  I.  Chipen 

Institute  of  Organic  Synthesis,  Academy  of  Sciences  Latvian  SSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 
pp.  886-890,  March,  1961 
Original  article  submitted  April  18,  1960 

To  study  the  chemical  and  biological  prqierties  of  acylamidoguanidines  and  the  corresponding  3-substituted 
5- amino- 1,2 ,4- triazoles  it  was  necessary  to  find  a  simple  method  for  preparing  them.  The  syntheses  of  acylamido¬ 
guanidines  described  in  the  literature  [1-3]  are  quite  labwious  and  give  low  yields,  especially  the  acylation  of  amino- 
guanidine  with  aromatic  acid  chlorides  in  various  solvents  [3]. 

We  developed  a  simple  new  method  of  acylating  aminoguanidine  salts  with  carbonyl  chlorides  without  solvent 
the  fusion  of  2  moles  of  aminoguanidine  hydrochlcxide  with  one  mole  of  the  acid  chloride  at  150-210*  (depending  on 
the  reactivity  of  the  acid  chloride)  forms  acylamidoguanidine  hydrochlorides  in  yields  of  47-887o. 

RC0C1  +  2NH2NHC(=NH)NH2  .  HCl  — >  RCONHNHC(=Nn)NH2  •  HCl  + 

+  NH2NHC{=NH)NH2  •  2HCI 

The  method  is  a  general  one  for  the  preparation  of  aliphatic,  aromatic  and  heterocyclic  acylamidoguanidines 
(Table  1). 

Aminoguanidine  salts  were  also  acylated  by  fusion  with  anhydrides  of  aromatic  acids,  but  the  yields  of  the 
acylamidoguanidines  were  lower.  Acylamidoguanidines  were  formed  by  the  action  of  cyanamide  on  hydrazide  hy¬ 
drochlorides  in  anhydrous  alcohol.  The  reaction  did  not  occur  in  aqueous  solutions  (in  a  neutral  medium),  but  in 
dilute  acetic  acid  it  gave  largely  3-substituted  5- amino- 1,2 ,4- triazoles.  In  the  latter  case,  acylamidoguanidines 
could  be  detected  only  by  means  of  a  color  reaction  with  ferric  chloride.  Aminoguanidine  salts  were  not  acylated 
by  aromatic  acids  by  boiling  in  aqueous  solutions,  but  fusion  of  the  reagents  formed  the  corresponding  salts  of  3-sub- 
stituted  5-amino-l, 2,4- triazoles. 


R-C—OH  +  NH 

II 

O  NH2  C-NH2  •  HNO3 


R_C— N 

&  L 

\/ 


-f-  2H2O 


NHa  .  HNO3 


NH 


The  use  of  this  reaction  for  preparative  purposes  is  limited  by  the  low  yields;  in  addition,  most  aromatic  acids 
decompose  at  the  reaction  temperature. 

Several  methods  for  the  cyclization  of  acylamidoguanidines  are  described  in  the  literature  [1-4].  We  showed 
that  the  best  method  of  preparing  2-substituted  5- amino- 1,2 ,4- triazoles  is  thermal  cyclization  of  acylamidoguani¬ 
dine  or  brief  heating  of  acylamidoguanidines  with  a  0.15  N  aqueous  solution  of  potassium  hydroxide.  The  triazoles 
were  isolated  readily  from  the  alkaline  solution  in  the  form  of  the  sparingly  soluble  nitrates  or  in  the  free  form  by 
acidification  of  the  solution  with  acetic  acid. 

Reduction  of  1- acyl-3- nitroguanidines  w-ith  zinc  and  acetic  (or  hydrochlaic)  acid  also  formed  the  correspond¬ 
ing  3-substituted  5- amino- 1,2 ,4- triazoles.  It  is  evident  that  the  triazole  ring  is  closed  much  more  readily  with 
l-acyl-3-aminoguanidines  than  with  the  isomeric  1-acylamidoguanidines. 

Nil  NH 

II  H  II 

RCONHCNHNO2  —  [r(:onhcnhnh2 

\/ 

Ml 


R— G— N 

^  L 


NH, 
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TABLE  1.  Acylamidoguanidines  RCONHNHC(  =  NH)NH2  and  Their  Salts 
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TABLE  2.  3-Substituted  5- Amino- 1,2, 4- triazoles  R— C  =  N  NH  C  (— NH2)  =  N  and  Their  Salts 


All  the  acylamidoguanidine  salts  obtained  were 
white  crystalline  substances  (with  the  exception  of  HI  and 
V,  which  were  pale  yellow),  which  were  readily  soluble 
in  hot  water,  but  sparingly  soluble  in  the  normal  organic 
solvents.  The  free  bases  were  sparingly  soluble  in  hot 
water  and  organic  solvents.  In  contrast  to  the  other  acyl- 
amidoguanidines,  the  nitrobenzamidoguanidine  (IV)  was 
red  and  (VI)  was  orange.  In  contrast  to  3-substituted 
5- amino- 1,2 ,4- triazoles,  all  the  acylamidoguanidines 
obtained  reacted  with  dilute  ferric  chloride  solution  to 
give  a  blue- violet  color  and  at  high  concentrations,  a 
dark  precipitate  (see  also  [5]).  In  contrast  to  acylamido¬ 
guanidines,  3-substituted-5-aminotriazoles  underwent 
azo  coupling,  for  example,  with  B-naphthol  [6].  Acyl¬ 
amidoguanidines  or  the  corresponding  aminotriazoles  were 
readily  detected  by  means  of  these  color  reactions. 

Most  of  the  free  acylamidoguanidines  lost  a  mole¬ 
cule  of  water  on  fusion  and  were  converted  into  the  cor¬ 
responding  3-substituted  5 -amino- 1,2 ,4- triazoles.  If  the 
melting  point  of  the  3-substituted  5- amino- 1,2 ,4- triazoles 
was  above  the  temperature  at  which  ring  closure  occuned, 
then  the  acylamidoguanidines  were  converted  into  amino¬ 
triazoles  without  fusion.  Since  the  acylamidoguanidines 
(IV)  and  (VI)  are  brightly  colcared,  while  the  correspond¬ 
ing  aminotriazoles  (XV)  and  (XVI)  are  pale  yellow,  the 
melting  point  could  be  determined  by  observing  the  tem¬ 
perature  range  in  which  the  color  change  and,  consequent¬ 
ly,  ring  closure  occuned.  This  range  was  220-230*  for  the 
para-isomer  (IV)  and  205-215®  for  the  meta- isomer  (VI). 
The  acylamidoguanidines  and  the  corresponding  amino¬ 
triazoles  differed  in  their  ultraviolet  spectra. 

As  a  result  of  the  work  we  obtained  compounds 
which  have  not  been  described  in  the  literature  (I,  III- 

VIII,  x-xn,  xv-xvn,  xix,  xx). 

EXPERIMENTAL 

Acylamidoguanidines.  Method  A.  A  mixture  of 
aminoguanidine  hydrochlOTide  and  the  corresponding  car¬ 
bonyl  chloride  (molar  ratio  of  2  :  1)  was  heated  on  Wood's 
metal  to  the  temperature  at  which  the  reaction  began 
(Table  2)  and  kept  at  this  temperature  for  2-3  min.  When 
the  reaction  was  complete,  the  solid  mass  was  dissolved 
in  a  minimum  amount  of  hot  water.  The  acylamidoguani¬ 
dine  hydrochloride  crystallized  from  the  cooled  solution 
(due  to  the  high  solubility  of  its  hydrochl<xide,  caproyl- 
amidoguanidine  was  isolated  as  the  nitrate).  The  com¬ 
pounds  were  recrystallized  from  water  for  analysis. 

Method  B.  A  solution  of  the  hydrazide  of  the  car¬ 
boxylic  acid  (0.1  mole)  in  anhydrous  alcohol  was  neutral¬ 
ized  with  an  equivalent  amount  of  hydrogen  chloride  (as 
an  alcohol  solution)  and  cyanamide  (0.15  mole)  added. 
The  solution  was  boiled  for  3-4  hr  and  cooled,  when  the 
acylamidoguanidine  hydrochloride  crystallized. 
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Method  C.  A  mixture  of  aminoguanidine  hydrochloride  and  the  appropriate  carboxylic  anhydride  (molar  ratio 
1 ;  1)  was  heated  on  Wood’s  metal  as  in  method  A.  The  acid  formed  was  dissolved  in  aqueous  alkali  and  the  acyl- 
amidoguanidine  collected  by  filtration. 

Method  D.  To  an  aqueous  solution  of  acylamidoguanidine  hydrochloride  was  added  an  equivalent  amount  of 
aqueous  alkali.  The  acylamidoguanidine  crystallized.  The  compounds  were  recrystallized  from  water  for  analysis 
(IV  and  VI  were  reciystallized  from  a  mixture  of  alcohol  and  water). 

3-Substituted  5- amino- 1 ,2 ,4- triazoles.  Method  E.  The  appropriate  acylamidoguanidine  was  heated  on  Wood' 
metal  for  5  min  at  the  temperature  given  in  Table  2.  For  analysis  the  compounds  were  recrystallized  from  water 
(XIII,  XVIII.  XX)  or  a  mixture  of  alcohol  and  water  (XV,  XVI,  XVII). 

Method  F.  The  acylamidoguanidine  was  heated  with  ten  times  its  weight  of  0.15  N  KOH  for  15-20  min  (until 
there  was  no  longer  a  positive  reaction  with  ferric  chloride).  Acidification  with  nitric  or  acetic  acid  liberated  the 
3-substituted  5- amino- 1,2 ,4- triazole  nitrate  or  the  free  base. 

Method  G.  A  mixture  of  the  carboxylic  acid  and  aminoguanidine  nitrate  was  heated  on  Wood’s  metal  for  2  hr 
at  the  temperature  given  in  Table  2.  The  mass  obtained  was  ground  and  the  unreacted  acid  extracted  with  ether. 
The  residue  was  recrystallized  from  water. 

Method  H.  To  a  suspension  of  0.01  mole  of  l-acyl-3-nitroguanidine  [8]  and  0.08  mole  of  zinc  dust  (see  [7]  for 
activation)  in  30  ml  of  water  was  added  50%  acetic  acid  (0.16  mole)  from  a  dropping  funnel  with  stirring.  The  tem¬ 
perature  was  kept  within  the  range  of  25-30*  during  the  reaction.  When  the  acetic  acid  had  been  added,  stirring  was 
continued  for  a  further  30  min.  The  residual  zinc  dust  was  removed  by  filtration.  Acidification  with  nitric  acid 
liberated  the  3-substituted  5-amino- 1,2 ,4- triazole  nitrate. 

Method  I,  To  an  aqueous  solution  of  the  hydrazide  of  the  carboxylic  acid  (0.01  mole)  were  added  acetic  acid 
(0.01  mole)  and  cyanamide  (0.015  mole).  The  solution  was  boiled  for  4  hr  and  acidified  with  nitric  acid  to  liberate 
the  3-substituted  5- amino- 1,2 ,4- triazole  nitrate. 


SUMMARY 

1.  A  new  preparative  method  was  developed  for  obtained  aliphatic,  aromatic,  and  heterocyclic  1-acylamido- 
guanidines.  from  acid  chlorides  and  aminoguanidines  hydrochloride. 

2.  Acylamidoguanidines  were  also  formed  by  acylation  of  aminoguanidine  hydrochloride  with  carboxylic  an¬ 
hydrides  or  by  the  reaction  of  carboxylic  hydrazides  with  cyanamide. 

3.  All  the  acylamidoguanidines  gave  a  characteristic  blue-violet  color  with  ferric  chloride. 

4.  Cyclization  of  the  acylamidoguanidines  in  a  weakly  alkaline  medium  or  by  fusion  of  the  free  bases  yielded 
some  new  3-substituted  5-amino- 1,2 ,4- triazoles. 

5.  A  new  method  is  described  for  the  synthesis  of  3-substituted  5 -amino- 1,2 ,4- triazoles  by  reduction  of  1-acyl- 
3-  nitroguanidines. 
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Translated  ftom  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 
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Original  article  submitted  April  4,  1960 


There  are  several  hypotheses  on  the  mechanism  of  the  hydroxylation  of  olefins  by  hydrogen  peroxide.  The  first 
investigators  of  this  reaction  [1]  considered  that  it  proceeds  by  a  radical  mechanism  and  the  role  of  the  catalyst  con¬ 
sists  of  activation  of  the  decomposition  of  H^Oj  to  radicals,  for  example,  for  allyl  alcohol: 

II.2O2  2011 

Cl I,=Cll— 0112011-1-2011  — >  CII2OII-CIIOH-CH2OH  (I) 


Then  taking  into  consideration  the  fact  that  the  reaction  rate  increases  with  an  increase  in  the  nucleophilic 
nature  of  the  double  bond,  Swern  [2]  proposed  an  ionic  mechanism.  Mugden  and  Jung  [3]  developed  this  hypothesis 
on  the  basis  of  Criegee's  hypothesis  [4]  on  the  polarization  of  peracids  and  proposed  die  following  reaction  scheme, 
for  example,  in  the  presence  of  tungstic  acid: 

II2O2  +  H2VVO4  HVVO3O  .  611  -4-  II2O 

OH 


CH2=Cn— CllaOIl-f  HWO3O  .  OH  — ♦  CH^-CH-CHjOH 

I 

bllVVOa 

OH 

I 

CH2-CH-CH2OH -f- H2O  — >  CH2OH— CHOH-CH2OH -I- HWO3OH 
I 

OH  WO., 


(ID 


Finally,  there  is  the  possibility  of  hydroxylation  by  the  mechanism  established  for  an  analogous  reaction  cata¬ 
lyzed  by  organic  peracids:  1)  through  the  formation  of  die  epoxide  with  its  subsequent  hydrolysis 


CH2=CH— CH2OH  -f-  H2WO5  — >  CH.,-CH-CH20H  4-  HaWO. 


CH.,-CH-CH20H -I-H2O  — ►  CH2OH-CHOH— CH2OH 

V 


(UI) 


and  2)  with  the  intermediate  formation  of  the  hydroxy  ester  from  the  epoxide  and  hydrolysis  of  the  former 


OH 

I 

CH2— CH-CH2OH  +  H2VVO4  — >  CH2-CH-CH2OH 
0  OHVVO3 

OH 

Cn.,-Cn-CH20H  +  H2O  — >  CHaOH-CHOIl— CllaOII  4- H2WO4 

I 

OHWOa 


(IV) 
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TABLE  1 


Expt. 

No. 

Reagents,  g  | 

0^*  obtained 

allyl 

alcohol 

H.O, 

H,0'* 

catalyst 

in  original 
water" ,y 

in  glycerol 

(7) 

tin  %  of 
|0^*in  water 

H  2Se03 

1 

1 

1  12.00 

1  15.64  1 

1  0.40 

1  726 

1  198 

j  27.30 

HaVVO* 

2 

22.33 

43.52 

70.68 

0.57 

814 

270 

1  33.2 

3 

It. 32 

20.(K) 

38.48 

0.28 

1213 

315 

1  29.0 

4 

7..')2 

13.00 

33.10 

0.18 

937 

315 

1  33.6 

II2M0O4 

5 

1  6.':  4 

1  10.80 

1  32.76 

1  0.40 

1  947 

1  297 

1  31.3 

•  The  table  gives  the  excess  density  of  the  water  labeled  with  heavy  oxygen  with  allow¬ 
ance  for  the  dilution  with  the  light  water  present  in  the  reagents  (allyl  alcohol  and  HjOj) 
and  the  water  obtained  by  decomposition  of  the  HjOj. 

Evidence  in  favor  of  the  intermediate  formation  of  the  epoxide  is  provided  by  the  fact  that  the  latter  is  found 
among  the  hydroxylation  products  of  allyl  alcohol  with  hydrogen  peroxide  in  the  presence  of  tungstic  acid  [5].  None 
of  the  mechanisms  examined  above  has  been  confirmed  directly. 

Some  light  may  be  shed  on  this  problem  by  an  isotope  method,  using  an  isotope  of  oxygen.  For  this  purpose 
we  studied  the  hydroxylation  of  allyl  alcohol  to  glycerol  with  hydrogen  peroxide  in  the  presence  of  molybdic,  tung¬ 
stic,  and  selenious  acids  in  water  labeled  with  heavy  oxygen  (Table  1). 

The  position  of  the  heavy  hydroxyl  group  in  the  glycerol  obtained  in  Expt.  2  and  3  and  determined.  For  this 
purpose  the  glycerol  was  converted  to  the  a,  y -dichlorohydrin  CHjCl— CHOH— CHjCl  and  the  isotopic  composition 
of  the  oxygen  in  the  latter  determined.  In  addition,  glycerol  epoxide  was  synthesized  from  "light*  products  and  then 
hydrolyzed  to  glycerol  with  water  labeled  with  heavy  oxygen.  The  position  of  the  "heavy"  hydroxyl  group  in  this 
glycerol  was  determined  in  the  same  way  (Table  2). 

Since  hydrogen  peroxide,  allyl  alcohol,"  and  glycerol"  do  not  exchange  oxygen  with  water,  while  the  ex¬ 
change  of  hydroxyl  radicals  should  proceed  readily  under  these  conditions,  with  the  radical  mechanism  for  the  reac¬ 
tion  (I),  the  glycerol  should  have  two  heavy  hydroxyls  [6].  With  the  formation  of  the  hydroxy  ester  with  the  peracid 
(II),  the  glycerol  should  be  light  since  this  ester  is  obtained  at  the  expense  of  the  oxygens  of  the  peroxide  group  of 
the  peracid,  while  its  hydrolysis  proceeds  in  the  acyl  oxygen  direction,  according  to  the  rule  of  Dostrovsky  et  al.  [7]. 
If  the  glycerol  is  obtained  through  the  formation  of  the  epoxide  (III),  then  on  hydrolysis  of  the  latter  with  water 
labeled  with  heavy  oxygen,  one  OH  group  is  added  from  the  water  and  must  be  heavy.  The  result  will  be  the  same 
with  the  intermediate  formation  of  the  hydroxy  ester  from  the  epoxide  (VI)  as  in  this  case  the  ester  is  formed  at  the 
expense  of  the  hydroxyl  group  of  the  acid,  which  exchanges  oxygen  readily  with  water  under  the  experimental  condi¬ 
tions  [8].  Thus,  in  the  case  of  the  mechanism  with  the  intermediate  formation  of  the  epoxide,  the  hydroxyl  groups 
should  contain  on  an  average  V3  of  the  O*®  content  of  the  water,  which  was  what  we  actually  found.  On  this  basis 
we  consider  that  the  hydroxylation  of  allyl  alcohol  by  hydrogen  peroxide  in  the  presence  of  tungstic,  molybdic,  and 
selenious  acids  proceeds  through  the  intermediate  formation  of  the  epoxide.  These  data  do  not  show  whether  there 
is  subsequent  conversion  to  the  hydroxy  ester.  The  mechanism  we  propose  is  confirmed  by  the  similarity  of  the  iso¬ 
topic  composition  of  the  cl,  y -dichlorohydrins  obtained  from  the  epoxide  synthesized  from  glycerol  and  from  gly¬ 
cerol  famed  by  hydroxylation  of  allyl  alcohol. 


"Unpublished  data. 
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TABLE  2 


content 


Expt. 

in  ct,  y -dichlorohydrin 

No. 

in  glycerol,  y 

(T) 

in  %  of  018 
in  glycerol 

1 

810 

90 

11.05 

2 

1140 

171 

ib.vK) 

3 

*•  783 

90 

11.50 

•In  Expt,  3,  the  a,y-dichlorohydrin  was  obtained  from  the 
glycerol  epoxide  synthesized. 


As  regards  the  position  of  the  heavy  hydroxyl  group,  the  data  we  obtained  are  not  in  complete  agreement  with 
the  mechanism  of  acid  hydrolysis  of  olefins  through  the  intermediate  formation  of  a  carbonium'ion,  proposed  by 
Ingold  [9]  and  subsequently  confirmed  by  Pritchdrd  and  Long  [10]. 


[  11+ 


0 


fll 

(.lla  \  uil 

I  ^  I 

>C-Cllj  oil  +||.„  V-Ql3+ll< 

\  I  /  (111 


OII^ 


C— Cll., 


(V) 


According  to  this  mechanism  and  taking  into  account  the  fact  that  a  secondary  carbonium  ion  is  more  stable 
than  a  primary,  it  was  to  be  expected  that  rupture  of  the  epoxide  ring  would  proceed  predominantly  by  route  (1);  we 
found  that  the  hydroxyl  group  is  added  mainly  to  the  a-carbon  atom.  This  does  not  essentially  contradict  mechan¬ 
ism  (V),  as  the  direction  of  many  reactions  is  known  to  depend  on  the  nature  of  the  substituents  and  the  presence  of 
the  OH  group  in  the  glycerol  oxide  may  substantially  change  the  ratio  of  the  stabilities  of  the  carbonium  ions  formed 
from  the  oxide. 

When  this  work  was  already  complete,  we  learned  of  a  new  investigation  [11]  in  which  the  author  oxidized 
crotyl  alcohol  with  hydrogen  peroxide  in  H2O*®  solution  in  the  presence  of  tungstic  acid  and  also  found  that  the  triol 
obtained  contained  only  one  hydroxyl  group  from  the  water,  but  did  not  determine  its  position.  He  also  proposed  a 
mechanism  with  oxidation  through  the  epoxide  and  subsequent  conversion  according  to  scheme  (V). 

EXPERIMENTAL 

Analysis  for  The  isotc^ic  composition  of  the  glycerol  and  its  a,y-dichloro  derivative  was  determined 
with  a  mass  spectrometer.  The  samples  were  burned  in  platinum  ampoules  at  800-850*  with  the  addition  of  a  definite 
amount  of  li^t  COj,  which  exchanged  with  the  cracking  product;  after  combustion,  the  CO2  was  again  isolated  and 
its  isotqjic  composition  determined. 

Starting  materials.  In  almost  all  cases,  the  water  labeled  with  heavy  oxygen  used  had  an  excess  O*®  content 
corresponding  to  about  1200  y .  The  aqueous  solution  of  hydrogen  peroxide  contained  28.0%  of  H2O2.  The  tungstic, 
molybdic,  and  selenious  acids  used  were  commercial  "chemically  pure"  preparations.  The  allyl  alcohol  contained 
85.0%  of  pure  alcohol,  as  determined  from  its  specific  gravity.  The  purity  of  the  glycerol  obtained  from  the  allyl 
alcohol  was  determined  from  the  constancy  of  its  boiling  point  and  its  refractive  index  n^^D  ,  which  varied  over  the 
range  of  1.4729-1.4735. 

Hydroxylation  in  the  presence  of  inorganic  acids.  The  ratios  of  allyl  alcohol,  hydrogen  peroxide,  water,  and 
catalyst  (Table  1)  were  approximately  the  same  as  in  the  work  of  Mugdan  and  Jung  [3].  The  reaction  was  carried 
out  in  a  three-necked  flask  of  Jena  glass,  fitted  with  a  mercury  stirrer,  thermometer,  and  condenser.  A  solution  of 
the  catalyst  in  hydrogen  peroxide  was  added  with  stirring  to  a  solution  of  allyl  alcohol  in  water  labeled  with  heavy 
oxygen,  heated  to  60-70*.  Stirring  was  continued  for  2-3  hr.  The  mixture  was  then  passed  through  an  anion-exchange 
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column  with  EOE-10  resin  for  the  removal  of  the  catalyst  and  then  the  unreacted  alcohol  and  water  were  distilled 
from  it  at  normal  pressure.  The  residue  was  vacuum  distilled.  The  glycerol  was  in  the  fraction  boiling  at  151-152* 
at  2  mm. 

The  a,/  -  dlchlorohydrin  was  prepared  from  the  heavy  glycerol  [12].  The  glycerol  oxide  was  prepared  from 
the  ot-monochlorohydrin  [12,  13], 

Glycerol  from  glycerol  oxide.  A  mixture  of  9.37  g  of  glycerol  oxide  (d*®  1.111),  11.6  g  of  heavy  water  (about 
800  y),  and  1  drop  of  30^0  HCIO^  was  heated  at  70-80*  for  about  3  hr.  The  water  was  removed  and  the  glycerol  iso¬ 
lated  from  the  residue. 

I  would  like  to  thank  A.  I.  Brodskii  for  valuable  advice  and  continuous  interest  in  the  work. 

SUMMARY 

1.  The  hydroxylation  of  allyl  alcohol  with  hydrogen  peroxide  to  glycerol  in  the  presence  of  tungstic,  molyb- 
dic,  and  selenious  acids  in  water  labeled  with  heavy  oxygen  was  studied.  One  hydroxyl  group  of  the  glycerol  obtained 
was  derived  from  the  water.  In  the  case  of  the  reaction  in  this  presence  of  tungstic  acid,  the  position  of  the  OH  group 
derived  from  the  water  was  determined.  It  was  shown  that  about  15^o  of  the  total  o’®  in  the  glycerol  was  at  the  8- 
carbon  and  about  8&7o  at  the  a -carbon  atom. 

2.  In  glycerol  obtained  by  hydrolysis  of  its  "light"  oxide  widi  water  labeled  with  heavy  oxygen,  the  distribu¬ 
tion  of  the  O*®  was  analogous  to  that  in  glycerol  obtained  from  allyl  alcohol. 

3.  On  the  basis  of  the  data  obtained  we  concluded  that  the  hydroxylation  of  allyl  alcohol  with  hydrogen  perox¬ 
ide  in  the  presence  of  inorganic  acids  proceeds  through  the  intermediate  formation  of  the  epoxide. 
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ESTERS  OF  PHOSPHORUS  ACIDS  WITH  DIFFERENT  RADICALS 
I.  SYNTHESIS  OF  DIALKYL  PHOSPHITES  WITH  DIFFERENT  RADICALS 

F.  L.  Maklyaev,  M.  I.  Druzin,  and  L.  V.  Palagina 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  895-897,  March,  1961 

Original  article  submitted  March  1,  1960 


Dialkyl  phosphites  are  derivatives  of  phosphorous  acid  that  have  been  studied  thoroughly.  However,  dialkyl 
phosphites  with  different  radicals  have  remained  unknown  until  recently.  Only  four  compounds  of  this  type  have  been 
synthesized  and  these  were  obtained  in  35-45yo  yield  by  transesterification  of  diethyl  phosphite  [1,  2]. 

In  the  present  communication  we  describe  a  new  method  of  synthesizing  dialkyl  phosphites  with  different  rad¬ 
icals  by  the  action  of  the  appropriate  alcohol  on  an  alkyl  dichlorophosphite  with  simultaneous  removal  of  the  hydro¬ 
gen  chlcxide  from  the  reaction  mixture. 

/Cl  no.  /O 

RO— r<  +  2R'OII  — ►  >r<f  +  +  HCl 

V.I  R'O/  \(I 

Because  of  the  high  reactivity  of  the  halogen  atoms  in  an  alkyl  dichlorophosphite,  this  reaction  proceeds  ex¬ 
tremely  vigorously  under  certain  conditions  with  the  evolution  of  the  alkyl  chloride  and  hydrogen  chloride.  The 
yield  of  unsymmetrical  dialkyl  phosphites  is  65-7&yo. 

In  order  to  avoid  tiansesterification  of  the  dialkyl  phosphites  during  the  reaction,  it  was  always  necessary  to 
take  an  alkyl  dichlorophosphite  in  which  the  alkoxy  radical  contained  more  carbon  atoms  than  the  alkoxy  radical 
of  the  alcohol  used  in  the  reaction.  The  temperature  conditions  and  the  rapid  removal  of  the  hydrogen  chloride  at 
low  temperature  in  a  stream  of  dry  air  under  reduced  pressure  were  very  important  in  carrying  out  the  reaction.  The 


Ester 

Boiling  point 
[pressure  in 
mm) 

1 

1 

2(1  : 
'^D 

“/o  P 

MU 

D 

Yield  (%) 

found 

calc. 

fount 

1  calc 

(CoR,0)(C,Hj,0)POH  * 

71— 73°(2) 

1.018 

1.416 

I8..56,  18.60 

18.63 

41.07 

41.02 

69 

(C.,R50)(C„I1,70)IH)R  ** 

114-116(1) 

0.963 

1 .428 

1.3.73,  13.91 

13.93 

59.33 

.59.47 

(QRoORCJli^OROIl 

112-114(0.4) 

'0.9.52 

1.431 

12.3,  12.1 

12.37 

68.04 

68.03 

68.5 

(C4nnO)(C3llnO)POn 

120—121(8) 

0.973 

1.420 

14.78,  14.85 

14.88 

.54.14 

.54.05 

74.3 

(iso-C5ll,,0)(C,,H,.,0)POH 

108-110(0.3) 

0.9570 

1 .429 

1.3.08,  12.98 

13.12 

63.63 

6.3.4 1 

73.8 

(iso-C-,ll,,0)(C7H,r.O)POH 

105—107(0.2) 

0,9.5.35 

1.431 

12.60,  12..32 

1 2.37 

67.92 

68.03 

68.2 

(iso-r..,H,,0)feec-Cj<H,70)P0H 

111—113  (0.2i 

0.942 

1.429 

11.6.8,  1 1.60 

11.72 

72.30 

72.64 

.52.5 

(iso-C5lli,0)(n.-C8Ri70)P0H 

120—121  (0.2) 

0.948 

1.432 

11.54,  11.68 

11.72 

72.24 

72.64 

75.0 

•  Literature  data:  b.p.  99-100*  (13  mm),  d^^4  1.0120,  n^^D  1.4139,  yield  45^0  [1]. 

*  *  Literature  data:  b.p.  126-128*  (4.5  mm),  d^‘’4  0.9779,  n^^D  1.4312  [2]. 

mixed  dialkyl  phosphites  of  higher  alcohols  had  to  be  distilled  in  a  good  vacuum  to  avoid  transesterification  as  heat¬ 
ing  to  a  high  temperature  led  to  a  mixture  of  products. 

The  dialkyl  phosphites  with  different  radicals  (see  table)  were  colorless,  mobile  liquids  with  a  weak  odor,  which 
were  readily  soluble  in  organic  solvents  and  difficult  to  dissolve  in  water. 
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The  compounds  obtained  were  used  to  prepare  chlorophosphates,  phosphonates,  and  phosphates  with  different 
radicals. 


EXPERIMENTAL 

1.  Ethyl  butyl  phosphite,  a)  Into  a  Claisen  flask  was  placed  48  ml  (0.825  mole)  of  anhydrous  alcohol  and 
while  dry  air  was  bubbled  through,  70  g(0.41  mole)  of  butyl  dichlorophosphite  was  added  dropwise  over  a  period  of 
1  hr  at  such  a  rate  that  the  temperature  did  not  rise  above  18-20*.  For  completion  of  the  reaction  and  the  complete 
removal  of  hydrogen  chloride,  bubbling  was  continued  in  a  water-pump  vacuum  until  the  manometer  gave  a  constant 
reading.  Redistillation  in  vacuum  gave  39  gfBQ^o)  of  ethyl  butyl  phosphite. 

B.p.  71-73*  (2  mm),  d*®4  1.018,  n*®D  1.416. 

Found  %:  P  18.56,  18.60.  CjHijOjP.  Calculated*^:  P  18.63. 

b)  Into  a  Claisen  flask  was  placed  74.12  g  (1  mole)  of  butanol  and  while  dry  air  was  bubbled  through,  73.47  g 
(0,5  mole)  of  ethyl  dichlorophosphite  was  added  dropwise  over  a  period  of  3  hr.  The  temperature  of  the  mixture  did 
not  exceed  20*.  The  yield  was  45  g  (51*70). 

B.p.  68-69*  (1.5  mm),  d^®4  1.020,  n*®D  1.1458. 

2.  Ethyl  octyl  phosphite.  Into  a  Claisen  flask  was  placed  46  g  (0.1  mole)  of  alcohol  and  while  dry  air  was 
bubbled  through,  12.6  g(0.05  mole)  of  octyl  dichlorophosphite  was  added  at  20-25*.  The  yield  was  7.2  gfO.'Vyo). 

B.p.  114-116*  (1  mm),  d*®4  0.9634,  n*®D  1.4278. 

Found  *Vo:  P  13.73,  13.91.  CioHjsOjP.  Calculated  *7o:  P  13.93. 

3.  Butyl  isoamyl  phosphite.  Into  a  four- necked  flask  fitted  with  a  stirrer,  reflux  condenser,  dropping  funnel, 
thermometer,  and  bubbler  was  placed  74.12  g(l  mole)  of  butanol  and  94.5  g(0.5  mole)  of  isoamyl  dichlorophosphite 
was  added  from  the  dropping  funnel  with  vigorous  stirring  at  25-30*.  Stining  and  flushing  with  dry  air  were  continued 
for  a  further  2  hr.  The  yield  was  77.6  g  (74.3*70). 

B.p.  120-121*  (8  mm),  d*®4  0.973,  n*®D  1.420. 

Found  *7o:  P  14,78,  14.85.  CjHjjOjP.  Calculated*^:  P  14.88. 

4.  Butyl  octyl  phosphite.  Under  the  conditions  of  Expt.  3,  12.6  g(0.05  mole)  of  octyl  dichlorophosphite  was 
added  to  7.4  g(0.1  mole)  of  butanol.  The  yield  was  8.6  g(68.57o). 

B.p.  112-114*  (0.4  mm),  d*®4  0.952,  n*®D  1.431. 

Found  *7o:  P  12.30,  12.10.  CjjH^OjP.  Calculated  *7o:  P  12.37. 

5.  Isoamyl  hexyl  phosphite.  Into  a  four-necked  flask  was  placed  110.2  g(1.25  mole)  of  isoamyl  alcohol  in 
150  ml  of  dry  carbon  tetrachloride  and  while  dry  air  was  bubbled  through,  121.8  g  (0.6  mole)  of  hexyl  dichlorophos¬ 
phite  in  100  ml  of  dry  carbon  tetrachloride  was  added  with  vigorous  stirring  at  35-40*.  Stirring  and  flushing  with  dry 
air  at  the  same  temperature  were  continued  for  2  hr.  The  solvent  was  removed  in  vacuum.  The  Yield  was  104.8  g 
(74*7o). 

B.p.  108-110*  (0.3  mm),  d*®4  0.957,  n*®D  1.429. 

Found  *70:  P  13.08,  12.98.  C13H25O3P.  Calculated  *7o:  P  13.12. 

6.  Isoamyl  heptyl  phosphite.  Under  the  conditions  of  Expt.  5,  130.3  g  (0.6  mole)  of  heptyl  dichlorc^hosphite 
was  added  to  110.2  g(1.25  mole)  of  isoamyl  alcohol  at  45*.  The  yield  was  104  g(68.2f7o). 

B.p.  105-lor  (0.2  mm),  d*®4  0.953,  n^®D  1.431. 

Found  *7o:  P  12.60,  12.32.  CijHjrOjP.  Calculated  *7o:  P  12.37. 

7.  Isoamyl  sec- octyl  phosphite.  Under  the  conditions  of  Expt.  5,  70  g(0.3  mole)  of  sec-octyl  dichlorophos¬ 
phite  was  added  to  76  ml  (0.7  mole)  of  isoamyl  alcohol  in  dry  xylene  at  60*.  The  yield  was  42  g  (52.97o). 

B.p.  111-113*  (0.2  mm),  d^®4  0.942,  n^®D  1.429. 

Found  *70:  P  11.58,  11.64.  C13H20O5P.  Calculated  <7o:  P  11.72. 
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8.  Isoamyl  octyl  phosphite.  Under  ihe  conditions  of  Expt.  5,  140  g(0.6  mole)  of  n-octyl  dichlorophosphite  was 
added  to  110.2  g(1.25  mole)  of  isoamyl  alcohol  at  60*.  The  yield  was  105,4 

B.p.  120-121*  (0.2  mm).  d^®4  0.948,  n^®D  1.4315, 

Founder  P  11.54,  11.68.  CiaHzaOjP.  Calculated^:  P.11.72. 

SUMMARY 

A  new  method  was  developed  for  preparing  dialkyl  phosphites  with  different  radicals,  using  the  reaction  of 
alkyl  dichlorophosphites  with  alcohols. 
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DERIVATIVES  OF  PHOSPHOROUS  ACID 

I.  ESTERS  OFSALICYLPHOSPHORUS  ACID  AND  SOME 
OF  THEIR  PROPERTIES 

L.  V.  Nesterov  and  R.  A.  Sabirova 

Kazan'  Chemicotechnological  Institute 

Translated  from  Zhurnal  Obshchei  Khlmii,  Vol.  31,  No.  3, 

pp.  897-  901,  March,  1961 

Original  article  submitted  March  12,  1960 

Acyl  derivatives  of  phosphorous  acid  have  been  studied  comparatively  little.  N.  A.  Menshutkin  [1]  obtained 
acetyl  pyrophosphite  by  the  action  of  acetyl  chloride  on  phosphorous  acid,  V.  Vvedenskii  [2]  obtained  monoacetyl 
phosphite  from  acetic  anhydride  and  phosphorous  acid;  Brooks  [3]  obtained  the  same  substance  under  Menshutkin’s 
conditions  and  raised  doubts  on  the  result  of  the  latter.  By  treating  salicylic  and  substituted  salicylic  acids  with 
phosphorus  trichloride,  R.  Anschutz  et  al.  [4-6]  obtained  acid  chlorides  of  salicylphosphorous  acids.  L.  Anschutz  [7] 
assigned  them  the  structure  of  o-chloroformylphenyl  metaphosphite,  which  was  the  form  in  which  they  appeared  in 
Kosolapovv's  monograph  [8].  The  error  of  L.  Anschutz’s  conclusion  was  established  by  the  work  of  Young  [9]  and 
Cade  and  Gerrard  [10],  which  conclusively  confirmed  that  the  substance  obtained  by  R.  Anschutz  and  Emery  [4]  was 
the  acid  chloride  of  salicylphosphorous  acid  (2-chloro-5,6-benzo-l,3,2-dioxaphosphorinone-4  [11]).  Cade  and 
Gerrard  obtained  the  butyl  ester  of  salicylphosphorous  acid  (2-butoxy-5,6-benzo-l,3,2-dioxaphosphorinone-4  [11]). 

A.  E.  Arbuzov  and  Alimov  [12]  obtained  dialkyl  acylphosphites  (by  the  reaction  of  tetraalkyl  pyrophosphites  with 
carboxylic  acids);  on  hydrolysis  they  formed  dialkylphosphorous  and  carboxylic  acids,  when  treated  with  alcohols  they 
gave  a  trialkyl  phosphite  and  a  carboxylic  acid,  and  they  underwent  the  Arbuzov  rearrangement.  Young  [13]  proposed 
the  preparation  of  dialkyl  acylphosphites  from  the  acid  chlorides  of  dialkylphosphorous  acids  and  carboxylic  acids(or 
their  salts).  Cade  and  Gerrard  [14]  described  several  acyl  derivatives  of  phosphorous  acid,  but  their  properties  were 
not  studied  in  detail. 

We  prepared  six  alkyl  esters  of  salicylphosphorous  acid  (see  table)  by  the  reaction  of  its  acid  chloride  with  an 
appropriate  alcohol  and  dimethylaniline  in  absolute  ether.  As  the  esters  react  with  alcohols,  the  yield  of  the  product 
was  affected  substantially  by  the  order  of  addition  of  die  reagents;  it  was  necessary  to  add  the  alcohol  to  the  acid 
chloride.  The  constants  of  the  ester  were  determined  after  3-4  and  even  5  distillations,  but  in  no  case  were  we  able 
to  achieve  the  yield  reported  by  Cade  and  Gerrard  [10]  (93%),  even  after  one  distillation,  as  the  esters  inevitably 
polymerized  partially  on  heating. 

The  difference  between  the  experimental  and  calculated  values  of  the  molecular  refraction  was,  on  an  average 
1.12  (variation  over  the  range  of  +  0.19  to— 0.28).  If  the  first  member  of  the  series,  namely,  the  methyl  ester  is 
omitted,  the  mean  deviation  increases  to  1.17  with  a  narrower  variation  (+0.14  to— 0.08).  We  purified  the  esters 
carefully  and  therefore  consider  that  there  is  exaltation  caused  by  the  salicylic  acid  radical  as  with  the  dialkyl  deriv¬ 
atives  of  the  latter  there  is  also  exaltation  of  1.09  [15],  which  is  quite  close  to  the  value  we  found. 

All  the  esters  were  readily  hydrolyzed  by  moist  air  with  the  liberation  of  salicylic  acid;  when  a  few  drops  of 
water  was  added,  there  was  strong  heat  evolution  and  salicylic  acid  was  liberated.  When  the  esters  were  dissolved 
in  cold  dilute  alkali  (vigorous  stirring),  the  following  reaction  occurred  rapidly; 

o-CoH^CO(0).2rOR +2Na01I  — ♦  o-C8ll4(OII)COONa  -f  nOPH(0)ONa. 

Salts  of  alkyl  phosphites  are  hydrolyzed  very  slowly  in  the  cold  by  dilute  alkalis  [16]  and  therefore  the  reac¬ 
tion  given  was  used  for  determining  the  equivalent  weights  of  the  esters  (titration  with  phenolphthalein). 

The  esters  reacted  with  cuprous  chloride  with  great  evolution  of  heat  to  give  uncrystallizable,  vaselinelike 
products. 
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Esters  of  Salicylphosphorous  Acid 


r 


P-O-R 

I 

O 


R 

Boiling  point 
(pressure  in  mm) 

«20 

1 

1 

Equivalent 

weight 

Yield 

(%) 

found 

calc. 

found 

calc. 

Clip 

137-13S®  (11) 

1 .5523 

1.3394 

47.26 

4642 

0.84 

99.67 

99.06 

38 

Qlls 

101.5-102  (1) 

1.5408 

1.2761 

52.21 

51 .04 

1.17 

106.82 

106.07 

48 

n.-(UH7 

110-113  (2) 

1  ..5326 

1.2270 

56.97 

55.66 

1.31 

112.8 

113.09 

35 

iso  -(:.,ll7 

101.5-102  (0.5) 

1..5270 

1 .2220 

.56.79 

55.66 

1.13 

113.04 

113.09 

56 

n.-C.4  il.(  • 

111-112  (0.3) 

1 .5239 

1.1974 

61.37 

60.28 

1.09 

— 

— 

35 

iso-C^llo 

101  (0.3) 

1  5221 

1.1928 

61.43 

60.28 

1.15 

121.25 

120.11 

58 

•Literature  data  [10];  b.p.  99-100“  (0.03,  n*®D  1.5250. 

When  the  esters  were  mixed  with  alcohols,  strong  heat  evolution  and  the  liberation  of  salicylic  acid  were  ob¬ 
served  after  some  time.  It  was  also  possible  to  isolate  the  corresponding  trialkyl  phosphite,  ROP(C)R’)2.  We  assumed 
that  the  reaction  proceeded  in  stages,  but  a  special  experiment  showed  that  the  two  oxygen  bonds  connecting  the 
phosphorus  to  the  salicylic  acid  residue  were  ruptured  simultaneously  or  almost  simultaneously:  the  addition  of  one 
mole  of  alcohol  to  the  ester  liberated  half  a  mole  of  salicylic  acid,  while  the  addition  of  a  second  mole  of  alcohol 
liberated  the  whole  of  the  acid.  We  shall  study  the  alcoholysis  in  more  detail.  There  was  no  analogous  reaction 
with  mercaptans,  even  on  prolonged  heating.  No  reduction  of  the  mercaptan  was  observed  without  irradiation  with 
ultraviolet  light  [17]. 

All  the  esters,  apart  (toti  the  methyl  ester,  decomposed  when  heated.  Decomposition  began  at  a  definite 
temperature  for  each  ester  and  was  accompanied  by  heat  evolution  and  vigorous  liberation  of  the  corresponding 
olefin. 


EXPERIMENTAL 

The  acid  chloride  of  salicylphosphorous  acid  (2-chloro-5,6-benzo-l,3,2-dioxaphosphorinone-4)  was  obtained 
according  to  the  data  in  [9]  in  88.5%  yield,  calculated  on  the  salicylic  acid. 

B.p.  135*  (16  mm),  and  m.p.  39.5“.  Literature  data  [4,  9]:  b.p.  127-128“  (11  mm)  and  m.p.  36-37“. 

Ethyl  ester  of  salicylphosphorous  acid  (2-ethoxy-5,6-benzo-l,3,2-dioxaphosphorinone-4)  (I).  Into  a  liter  flask 
with  a  stirrer,  dropping  funnel,  and  reflux  condenser,  protected  from  atmospheric  moisture,  was  placed  a  mixture  of 
88  g  of  the  acid  chloride  of  salicylphosphorous  acid,  52.2  g  of  dimethylaniline,  and  4  times  the  volume  of  dry  ether 
and  over  a  period  of  3  hr,  20.0  g  of  dry  alcohol  in  an  equal  volume  of  ether  was  added  dropwise  (cooling  with  iced 
water).  A  turbidity  of  dimethylaniline  hydrochloride  appeared  immediately;  sometimes  it  collected  at  the  bottom 
of  the  flask  as  a  heavy  oil,  which  solidified  suddenly.  To  avoid  this,  it  was  advantageous  to  introduce  a  few  crystals 
of  dimethylaniline  hydrochloride  after  the  appearance  of  turbidity  and  this  produced  Immediate  crystallization  of 
the  salt.  The  mixture  was  then  heated  slowly  until  the  ether  boiled,  kept  at  this  temperature  for  15  min,  and  cooled, 
the  precipitate  removed,  and  the  filtrate  distilled  under  reduced  pressure  in  a  stream  of  carbon  dioxide.  The  third 
distillation  gave  43.6  g(48%)  of  product;  in  the  previous  distillations,  the  ester  yields  were  73.3  and  61.8%,  respec¬ 
tively. 

B.p.  101.5-102“  (1  mm),  d^®4  1.2761,  n*®D  1.5408. 

The  methyl,  n-propyl,  isopropyl,  n-butyl,  and  isobutyl  esters  of  salicylphosphorous  acid  were  obtained  anal¬ 
ogously  (see  table).  They  were  all  cololess,  viscous  liquids;  the  methyl  and  ethyl  ester  had  odors  similar  to  the 
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corresponding  trialkyl  phosphites,  while  the  higher  esters  had  hardly  any  odor.  An  attempt  to  prepare  the  benzyl 
ester  ended  in  an  explosion  during  vacuum  distillation. 

Reaction  of  the  ethyl  ester  of  salicylphosphorous  acid  (I)  with  ethanol,  a)  To  7.32  g  of  (I)  was  added  3.18  g 
of  alcohol  (molar  ratio  of  1  ;  2)  in  one  portion  with  cooling  in  iced  water  and  shaking.  After  10  min,  the  mixture 
had  spontaneously  heated  up  to  25*  and  after  cooling,  it  deposited  3.1  g  of  salicylic  acid  crystals.  Vacuum 
distillation  of  the  filtrate  yielded  1.1  g(20%)  of  triethyl  phosphite. 

B.p.  46*  (11  mm),  n*®D  1.4130.  Liberature  data  [8):  b.p.  48-45^  (11  mm),  n*®D  1.4135. 

b)  To  8.21  g  of  (I)  was  added  1.78  g  of  alcohol  (molar  ratio  of  1  :  1).  After  some  time,  2.21  g  (41.4%)  of 
salicylic  acid  crystals  precipitated  and  the  odor  of  triethyl  phosphite  appeared.  After  a  second  mole  of  alcohol 
(1.78  g)  had  been  added,  a  further  1.09  g  of  salicylic  acid  (a  total  of  61.7%)  precipitated.  We  isolated  1.46  g(22.7%) 
of  triethyl  phosphite. 

Reaction  with  isopropanol.  In  the  same  way  as  above,  8.81  g  of  (I)  and  5.00  g  of  isopropanol  (molar  ratio  of 
1  ;  2)  yielded  4.0  g(69.5%)  of  salicylic  acid  and  2.73  g(34%)  of  ethyl  diisopropyl  phosphite. 

B.p.  55-56*  (10  mm),  d*®4  0.9128,  n*®D  1.4137,  MR^  52.68;  calc.  52.20. 

Found  %;  C  48.9;  H  9.5;  P  15.7.  CgHigOsP.  Calculated  %:  C  49.5;  H  9.8;  P  15.97. 

Reaction  with  ethylene  glycol.  To  9.38  g  of  (I)  was  added  2.74  g  of  ethylene  glycol  (molar  ratio  of  1  :  1) 
with  cooling  in  iced  water  and  continuous  stirring.  After  20  min,  the  mixture  had  heated  up  to  30*  and  the  liquid 
became  homogeneous.  We  isolated  4.2  g(697o)  of  salicylic  acid.  Distillation  of  the  filtrate  gave  2.1  g(35%)  of 
ethyl  ethylene  phosphite. 

B.p.  46.5*  (11  mm),  n*®D  1.4409.  Literature  data  [18];  b.p.  51-51.5*  (15  mm),  n*®D  1.4395. 

Thermal  decomposition  of  ethyl  ester  of  salicylphosphororus  acid  (I).  A  5.70  g  sample  of  (I)  in  a  test  tube 
with  a  gas-outlet  tube  was  immersed  in  a  metal  bath.  The  temperatures  in  the  bath  and  in  the  test  tube  were 
measured.  The  heating  rate  was  8-10*  per  min.  At  228*  (in  the  tube)  the  first  gas  bubbles  appeared  (beginning  of 
decomposition)  and  heating  was  stopped,  but  the  substance  heated  up  to  280*  with  extremely  vigorous  evolution  of 
gas,  which  was  passed  into  a  trap  with  bromine  and  bromine  water.  The  weight  of  the  contents  of  the  tube  fell  by 
0.71  g(95%,  calculated  on  ethylene).  The  increase  in  weight  of  the  trap  was  0.50  g(67%);  ethylene  bromide  with 
m.p.  +10*  was  isolated.  The  residue  in  the  tube  was  a  dark  brown,  vaselinelike  mass,  which  solidified  on  cooling. 

Its  composition  (without  purification)  corresponded  quite  closely  to  that  of  salicylphosphorous  acid. 

Found  %;  C  44.3;  H  4.1;  P  15.9.  C7H5O4P.  Calculated  %:  C  45.65;  H  2.71;  P  16.85. 

Similar  thermal  decomposition  of  the  n- propyl  (beginning  of  decomposition  200*),  isopropyl  (196*),  n-butyl 
(210*),  and  isobutyl  (160“)  esters  of  salicylphosphorous  acid  also  yielded  olefins  and  a  dark  brown  solid  mass.  The 
results  were  readily  reproducible  (i  3"). 

SUMMARY 

1.  A  series  of  esters  of  salicylphosphorous  acid  were  synthesized  and  characterized. 

2.  The  esters  obtained  showed  exaltation  of  the  molecular  refraction  equal  to  1.12. 

3.  It  was  shown  that  alcoholysis  of  esters  of  salicylphosphorous  acid  forms  trialkyl  phosphites  and  salicylic 

acid. 

4.  Apart  from  the  methyl  ester,  the  esters  of  salicylphosphorous  acid  decompose  readily  on  heating  with  the 
liberation  of  olefins. 
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Until  now  there  have  been  no  reports  in  the  literature  on  the  change  in  the  fact  of  a  carboxyl  group  on  the 
reactivity  of  a  benzene  nucleus  when  it  is  changed  to  a  carboxylate  ion.  Known  electrophilic  substitutions  in  a  ben¬ 
zene  nucleus  containing  a  carboxyl  group  have  been  carried  out  in  an  acid  medium  and  more  rarely  in  an  alkaline 
medium  (azo  coupling  and  chlorination),  but  the  effect  of  the  carboxyl  group  has  often  been  masked  by  the  presence 
of  other  substituents.  The  reasons  for  the  change  in  orientation  in  the  chlorination  or  bromination  of  benzoic  acid  in 
dilute  or  alkaline  solutions  [1]  have  not  been  established  experimentally. 

On  examining  the  effect  of  a  COO“  group  on  the  reactivity  of  the  nucleus  from  the  point  of  view  of  electronic 
displacements  in  the  benzene  nucleus  [2],  it  might  be  expected  that  the  presence  of  a  whole  negative  charge  on  the 
oxygen  atoms  would  lead  to  an  electronic  displacement  toward  the  nucleus.  This  means  that  the  electron  density  at 
the  carbon  atoms  in  the  nucleus  would  increase  and,  at  the  same  time,  the  reactivity  of  the  compound  toward  elec¬ 
trophilic  reagents. 

In  the  present  work  we  attempted  to  show  that  the  carboxyl  group,  which  is  a  deactivating  substituent  of  type  11, 
may  act  as  a  substituent  of  type  I,  activating  the  benzene  nucleus,  in  electrophilic  reactions  if  it  is  converted  to  a 
carboxylate  ion.  In  order  to  effect  an  electrophilic  reaction  in  both  acid  and  alkaline  media  (for  conversion  to  the 
carboxylate  ion),  we  chose  the  electrophilic  reaction  azo  coupling  as  the  active  particle  in  azo  coupling  is  the  dia- 
zonium  cation  in  acid  and  alkaline  media  [3]. 

The  investigation  was  carried  out  by  comparing  the  reactivities  of  phenol  and  hydroxybenzoic  acid  by  means 
of  competing  reactions.  Equimolar  amounts  of  the  acid  and  phenol  were  coupled  with  0.05-0.10  mole  of  p-  or  m- 
nitrobenzenediazonium.  The  pH  values  of  the  reaction  mixtures  were  kept  constant  with  a  large  excess  of  buffer 
solutions  (borate,  phosphate,  citrate- phosphate,  etc.),  made  up  on  the  basis  of  classical  systems,  and  low  concentra¬ 
tions  of  reagents.  The  change  in  pH  of  the  reaction  medium  during  coupling  was  within  the  limits  of  error  of  the 
measurements,  which  were  made  before  and  after  coupling  with  an  LP-5  potentiometer  with  a  glass  electrode. 

With  the  appearance  of  a  positive  charge  on  the  nitrogen  atom  of  the  ammonium  group  during  the  salt  forma¬ 
tion  of  amines,  there  is  deactivation  of  the  benzene  nucleus  toward  electrophilic  reagents  and  a  change  in  orienta¬ 
tion  because  of  a  strong  electron  displacement  toward  the  substituent.  A  compound  with  a  free  positive  charge  is 
formed  because  of  ionization.  Analogously,  with  salt  formation  of  phenols,  the  phenonate  ion  formed  has  a  much 
higher  reactivity  toward  electrophilic  reagents  than  unionized  phenol  because  of  the  negative  charge  on  the  oxygen 
and  the  resulting  strong  electron  displacement  toward  the  nucleus. 

It  is  to  be  expected  that  the  electron  displacement  produced  by  the  negative  charge  of  the  carboxylate  ion 
will  be  considerably  less  than  that  of  the  phenolate  ion  as  the  charge  on  the  oxygen  is  separated  from  the  nucleus 
by  a  carbon  atom.  The  results  of  the  experiments  on  the  coupling  of  salicylic  acid  and  phenol  show  that  an  ionized 

carboxyl  group  is  actually  an  electron-donor  group  as  it  activates  the  benzene  nucleus.  The  ion 

^coo- 

couples  6  times  as  fast  as  the  phenolate  ion.  Moreover,  the  activation  of  the  nucleus  as  a  result  of  ionization  of  the 
carboxyl  group  is  many  times  less  than  as  a  result  of  ionization  of  phenols  [5]. 
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The  low  reactivity  of  salicylic  acid  as  compared  with  phenol  at  pH  values  below  10  (see  column  2,  Table  1) 
is  explained  by  the  difficulty  of  eliminating  a  proton  from  the  hydroxyl  group  because  of  its  participation  in  a  hy- 

drogen  bond  with  the  carboxyl  oxygen,  which  leads  to  a  low  concentration  of  the  ion  Cyll4<^  .  This  is 

\COO- 

also  indicated  by  the  very  low  value  of  the  second  dissociation  constant  of  the  acid  [6], 


In  the  coupling  of  m- hydroxy  benzoic  acid  and  phenol  with  p-nitrobenzenediazonium  over  the  pH  range  of 
4-12,  the  constancy  of  tfie  ratio  of  the  rate  constants  (Table  2)  is  a  good  Indication  that  the  reaction  proceeds  through 
the  ionized  forms. 

Cma 

The  ratio  of  the  reaction  rate  constants  — =  0.65  (to  0.42)  indicates  very  low  deactivation  of  the  nucleus 

in  comparison  with  phenol.  We  consider  that  in  this  case  there  is  a  combination  of  two  factors:  the  activating  action 
of  the  negative  charge  on  the  carboxylate  ion  and  the  steric  hindrance  to  the  entry  of  the  voluminous  diazonium  ca¬ 
tion  into  the  position  ortho  to  the  carboxyl.  The  latter  factor  predominates  to  some  extent.  The  decrease  in  the 

Cm 

ratio  —  to  0.42  in  coupling  with  m-nitrobenzenediazonium  may  be  connected  with  the  fact  that  the  diazonium 

Cp 


was  buffered  beforehand  in  these  experiments. 


Because  of  the  insignificant  concentrations  of  forms  ionized  at  the  phenolic  hydroxyl,  coupling  with  the  un¬ 
dissociated  forms  begins  to  predominate  at  pH  values  below  3.  In  these  cases,  the  ratio  of  the  rates  of  azo  coupling 
is  expressed  by  the  ratio  of  the  amounts  of  dyes  formed  (columns  2  and  6,  Table  2)  as  the  concentrations  of  phenol 
and  m-hydroxybenzoic  acid  taken  were  equal. 

EXPERIMENT  A  L 

a)  Coupling  of  salicylic  acid  and  phenol  with  p-nitrobenzenediazonium.  To  200  ml  of  buffer  mixture  were 
added  2  mmole  of  salicylic  acid,  labeled  in  the  carboxyl  with  C**  with  a  specific  activity  of  0.42  mC/  g  and  with 
m.p.  158.5*,  and  2  mmole  of  phenol  with  m.p.  41*.  The  mixture  was  cooled  to  0*  in  a  cryostat  and  10  ml  (0.2  m- 
mole)  of  p-nitiobenzenediazonium  solution  that  had  first  been  adjusted  to  pH  2.5-3  and  cooled  was  added  with 
vigorous  stirring.  After  being  kept  at  0*  for  30  min,  the  mixture  was  acidified  with  10  ml  of  concentrated  hydro¬ 
chloric  acid  and  the  dye  precipitate  collected,  washed  with  dilute  hydrochlOTic  acid,  and  dissolved  in  100  ml  of 

ether.  The  excess  salicylic  acid  that  had  coprecipitated  was  removed  by  washing 
the  ether  solution  6-10  times  with  saturated  sodium  chloride  solution  containing 
2  g/  liter  of  bicarbonate.  The  washing  was  checked  by  measuring  the  activity. 
After  the  ether  solution  had  been  washed  free  from  mineral  salts  with  dilute  hy¬ 
drochloric  acid,  the  ether  was  removed  and  the  dye  dried  and  dissolved  in  5  ml  of 
diethylene  glycol.  The  amount  of  dye  formed  from  the  salicylic  acid  was  deter¬ 
mined  by  measuring  the  activity  of  the  solution  on  an  end-window  counter  (type 
MST-17)[4]  and  the  amount  of  dye  from  the  phenol  was  found  from  the  differ¬ 
ence  between  the  total  dye  content,  which  was  determined  from  the  optical 
density  of  the  diethylene  glycol  solution  diluted  with  0.1  N  alkali,  and  the  con¬ 
tent  of  the  dye  from  salicylic  acid.  The  optical  density  was  measured  with  a 
photoelectrocolorimeter  (type  FEK-M)  with  a  blue  light  filter.  Corrections  were 
introduced  for  the  small  losses  of  dye  during  filtration  and  washing. 

b)  Coupling  of  salicylic  acid  and  phenol  with  m-nitrobenzenediazonium. 
Into  the  beaker  2  (see  figure),  which  was  installed  in  a  cryostat,  was  placed  165  ml 
of  buffer  solution,  containing  1  mmole  each  of  salicylic  acid  (m.p.  159^)  and 
phenol,  and  into  the  vessel  1  was  placed  35  ml  of  the  same  buffer  solution.  When 
the  solutions  had  cooled  to  0*,  2.5  ml  of  m-nitrobenzenediazonium  solution 
(0.05  mmole)  was  introduced  into  vessel  1  and  the  whole  ejected  into  the  beaker 2. 
When  the  pH  was  high,  the  mixture  was  kept  in  the  dark  at  0*  for  a  day  or  more 
and  then  acidified  and  the  dye  extracted  with  150  ml  of  ether.  The  dye  formed 
from  salicylic  acid  was  extracted  from  the  ether  solution  with  0.1  N  bicarbonate 
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TABLE  1.  Azo  Coupling  of  a  Mixture  of  Salicylic  Acid  and  Phenol 


With  p-nitrobenzenediazonium  | 

1  With  m -nitrophenyldiazonium 

! 

i)H  I 

ratio  of 
amounts  of 
dyes 

Q 

^sa 

Cp 

pH 

ratio  of 
amounts  of 
dyes 

1 

Q 

^sa 

7.15 

().()( )2n 

1 

8.3 

1 

H.of) 

1 

O.OOM!) 

2S(K) 

10.9 

y.o 

0.0022 

2S4 

0.3 

10.7 

0.0  KM) 

433 

4.3 

9.0 

0.0028 

212 

5.9 

12.45 

0.*)7 

9.80 

0.0 

1 1 .2.5 

0.040 

130 

5.4 

12.9 

1.44 

4.15 

0.0 

1 1  /i5 

0.050 

S7.4 

1 

4.4 

13.15 

1 .95 

2.77 

5.4 

solution  and  the  dye  from  the  phenol  was  extracted  with  0.1  N  sodium  hydroxide  solution.  The  amount  of  each  dye 
was  found  photocolorimetrically  with  dilute  solutions  after  removal  of  the  ether.  A  check  of  this  method  on  artifi¬ 
cial  mixtures  of  pure  dyes  showed  that  the  maximum  error  was  + 

The  experimental  results  were  treated  in  the  following  way.  Since  phenols  undergo  azo  coupling  in  the  form 
of  the  phenolate  ion  and  azo  coupling  is  bimolecular,  the  rate  of  formation  of  nitrophenylazosalicylic  acid  may  be 
represented  by  the  following  equation: 


[azosalicylic  acid]  _  ,  r  \  v  +i 
- — - C„„|.\r.N2  1 


Ar/ 

XIOO- 


and  for  nitrohydroxyazobenzene: 


(I  [n.  h.  azobenzene] 


=  C.,.  (ArN,,+  l  IAr()-|. 


(I) 


(II) 


where  Cjg  and  Cp  are  the  corresponding  rate  constants,  which  are  independent  of  pH. 

In  accordance  with  the  experimental  conditions,  the  value  [ArN2''’]  at  any  moment  of  the  reaction  is  the  same 

. 

with  respect  to  the  two  azo  components,  while  the  values  [ArO  ]  and 


Ai 


may  be  considered  as  ap¬ 


proximately  constant  due  to  the  large  excess  of  the  azo  components.  After  dividing  equation  (II)  by  equation  (I)  and 
integrating  we  obtain: 


n 

sa  _  amount  of  azosalic  acid  _ [Aro-i 

Cp  amount  of  n.h.  azobenzene  |  ~| 

L  ^coo-J 

The  ratio  of  the  concentrations  of  the  ionized  forms  of  phenol  and  salicylic  acid  at  any  pH  value  may  be 
calculated  from  the  general  equation: 


[ArO-] 


[k"  1 

L  ^coo- J 


'•p'*sa'‘;a  +  '‘;a''sat“^‘ 


where  k’^  =  1.07  •  10  *  (19^)  and  kg^  =  4.0  •  10"^*  (18*)  are  the  first  and  second  dissociation  constants  of  salicylic 
acid  and  kp  =  1.28  x  10"  (20*)  is  the  dissociation  constant  of  phenol. 

The  ratio  of  the  constants  sa  shows  the  factor  by  which  hydroxybenzoic  acid  is  more  reactive  than  phenol 

Cp 

The  experimental  results  are  given  in  Table  1. 

c)  The  coupling  of  m- hydroxybenzoic  acid  and  phenol  with  p-  and  m-nitrobenzenediazoniums  was  carried 
out  by  the  method  described  in  (b). 

The  p-nitrobenzenediazonium  was  introduced  without  preliminary  buffering.  The  experimental  results  are 
given  in  Table  2. 
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TABLE  2.  Azo  Coupling  of  a  Mixture  of  m-Hydroxybenzoic  Acid  and  Phenol 


With  p-nitrobenzenediazonium  j|  With  m-nitrobenzenediazonium 


pH 

ratio  of 
amounts  of 
dyes 

Q 

^-’ma 

Cp 

pH 

ratio  of 
amounts  of 
dyes 

Q 

^ma 

cp 

1.15 

0.074 

819 

2.3 

0.074 

2.05 

0.076 

110 

3.6 

0.208 

4.14 

0.86 

2.6 

O.OSS 

31.8 

4.65 

0.472 

1.34 

0.63 

3.0 

0.119 

13.3 

5.8 

0.576 

1.09 

0.63 

3.95 

0.2S9 

2.43 

0.70 

6.8 

0.576 

1.07 

0.62 

4.6 

0.450 

1.39 

0.63 

7.65 

0.512 

1.07 

0..55 

6.7 

0.585 

1.07 

0.63 

8.85 

0.493 

1.06 

0.52 

7.9 

0.601 

1.07 

0.64 

9.75 

0.501 

1.04 

0.52 

8.9 

0.615 

1.06 

0.65 

10.7 

0.4.50 

1.0! 

0.45 

10.4 

0.6 'lO 

1.02 

0.65 

12.9 

0.460 

1.00 

0.46 

11.4 

0.660 

1.00 

0.66 

13.15 

0.421 

1. 00 

0.42 

The  first  and  second  dissociation  constants  of  m-hydroxybenzoic  acid  equal  8.7  *  10"®(1£P)  and  1.2  •  10"^® 
'19*),  respectively.  The  m.p.  is  202*. 

In  experiments  with  salicylic  acid,  the  errors  in  the  pH  measurement  and  in  the  determination  of  the  amounts 

Csa 

of  dyes  led  to  a  possible  error  in  the  ratio-p::”  of  ±  isy©  (at  pH  values  above  10)  to  50%  (at  pH  values  below  10). 

In  experiments  with  m-hydroxybenzoic  acid,  the  error  in  the  determination  of  -p —  did  not  exceed  ±3%. 


SUMMARY 

1.  Competitive  coupling  of  a  mixture  of  salicylic  acid  and  phenol  with  p-  and  m-nitrobenzenediazoniums  in 
media  with  different  pH  values  showed  that  ionized  salicylic  acid  couples  6  times  faster  than  the  phenolate  ion,  i.e., 
the  substituent  with  a  free  charge  COCT  is  an  electron  donor  and  activates  the  benzene  nucleus. 

2.  Coupling  of  a  mixture  of  m-hydroxybenzoic  acid  and  phenol  with  diazoniums  showed  that  the  ionized  acid 
couples  more  slowly  than  the  phenolate  ion  by  a  factor  of  1.5-2.  In  this  case  the  activating  influence  of  the  sub¬ 
stituent  COCT  is  eliminated  because  of  the  steric  hindrance  to  azo  coupling  in  the  position  ortho  to  the  substituent. 


LITERATURE  CITED 

1.  A.  Claus  and  A.  Reh,  Lieb.  Ann.  206  (1891);  German  Pat.  146,174  (1903);  Frdl.  7,  115. 

2.  A.  A.  Spryskov,  ZhOKh^,  1949  (1957). 

3.  B.  A.  Porai-Koshits,  N.  V.  Grachev,  ZhOKh  17,  1843  (1947);  C.  Wittwer  and  H.  Zollinger,  Helv.  Chim.  Acta 
£7,  1954(1954). 

4.  A.  A.  Spryskov  and  O.  I.  Kachurin,  ZhOKh  28,  1643  (1958). 

5.  H.  Zollinger,  Helv.  Chim.  Acta^,  1070  (1953). 

6.  A.  E.  Lutskii,  Usp.  Khim.^,  481  (1954). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


SULFONATION  OF  B-DIKETONES 
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By  sulfonation  of  2-phenylindan-l,3-dione  (I)  with  chlorosulfonic  acid  in  1,2-dichloroethane,  chloroform, 
carbon  tetrachloride,  and  isooctane,  we  obtained  [1]  2-(p-sulfophenyl)-indan-l,3-dione  (II).  The  acid  (II)  could  he 
recrystallized  from  concentrated  hydrochloric  acid.  The  sulfonation  also  formed  2-phenyl-2-sulfoindan-l,3-dione 
(in)  (~5^),  which  was  converted  to  compound  (II)  by  chlorosulfonic  acid. 


0  0  O 


0  0  O 

(I)  (11)  (III) 


The  reaction  of  the  acid  (II)  with  diazomethane  yielded  die  methyl  ester  of  l-methoxy-2-(p-sulfophenyl)- 
inden^3-one  (IV).  This  solid  red  substance  was  not  soluble  in  either  water  or  alkalis.  When  boiled  with  acids  and 
alkalis,  the  ester  (IV)  was  hydrolyzed  to  form  the  acid  (II). 

There  was  no  doubt  about  the  formation  of  the  compound  (IV)  as  2-phenylindan-l,3-dione  readily  gives  [2] 
the  ether  (V),  which  is  also  cleaved  readily.  There  is  a  report  [3]  that  the  ether  (V)  cannot  be  obtained  by  the  ac¬ 
tion  of  diazomethane;  however,  we  obtained  this  compound  in  high  yield. 


( 


I  \c--^ 

Ac/'  ^ 


\ _ / 


0-CI13 


(V) 


Salts  of  2-(p-sulfophenyl)-indan-l,3-dione  also  reacted  with  diazomethane  to  form  enol  ethers  of  the  sulfonic 
acid  salts- 

Bromination  of  l-methoxy-2-phenylinden-3-one  (V)  yielded  2-bromo-2-phenylindan-l,3-dione.  A  similar 
cleavage  of  enol  ethers  is  known  [4].  The  enol  ether  was  also  cleaved  during  bromination  of  compound  (IV),  but 
the  sulfonic  ester  group  was  retained  in  the  bromination  product  (VI). 

O 

C-^  SO-^OCIls 

Ur 

(VI) 
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On  reaction  with  phosphorus  pentachloride,  salts  of  2-(p-sulfophenyl)-indan-l,3-dione  formed  the  acid  chlo¬ 
ride  of  2-chloro-2-(p-sulfophenyl)-indan-l,3-dIone  (VII). 

This  product  formed  yellow  crystals,  which  were  soluble  in  alcohols  and  acetone.  It  reacted  with  aniline  to 
form  the  anilide  of  2-anilino-2-(p-sulfophenyl)-indan-l,3-dione  (Vni).  The  reaction  of  compound  (VII)  with  other 
aromatic  and  aliphatic  amines  will  be  described  separately. 


/W<' 


() 


I  \===./  * 


Cl 


\c-<; 


(VIl) 


^-SOaNHCells 


Nil 

I 

(Vlll) 


Like  other  2-substituted  indan-l,3-diones  [5,  6],  2-(p-sulfophenyl)-indan-l,3-dione  formed  the  imine  of  the 
ammonium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione  (IX,  R  =  H)  when  heated  with  ammonium  acetate  in  glacial 
acetic  acid. 


() 


I 

II 

(IX) 


0 

I  _ 


IlN 

I 

R 


(X) 


This  compound  formed  bright  red  crystals,  which  were  soluble  in  water,  less  soluble  in  ethanol,  and  insoluble 
in  other  organic  solvents.  The  imine  (IX,  R  =  H)  evidently  had  the  enamine  (X,  R  =  H)  structure,  which  is  charac¬ 
teristic  [7,  8]  of  iminesof  2-8ubstituted  indan-l,3-diones.  This  imine  was  less  stable  than  other  imines  of  2-substi- 
tuted  indan-l,3-diones  and  was  readily  cleaved  by  alkalis,  alcoholates,  and  acids  to  the  sulfonic  acid  (II).  Bromina- 
tion  of  the  imine  yielded  the  ammonium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione.  The  imine  (IX,  R  =  H)  did  not 
react  with  diazomethane. 

The  phenylimine  (IX,  R  =  C5H5)  was  obtained  analogously  and  had  similar  properties  to  the  imine  (IX,  R  =  H). 

EXPERIM  ENTAL 

2-(p-Sulfophenyl)-indan-l,3-dione  (II).  To  a  suspension  of  11.15  g  of  2-phenylindan-l,3-dione  in  50  ml  of 
1,2-dichloroethane  was  added  9.8  ml  of  chlorosulfonic  acid.  The  flask  was  stoppered  loosely  and  left  for  8-10  hr 
with  periodic  loosening  of  the  stopper  and  shaking.  The  1,2-dichloroethane  was  decanted  from  the  dark  red  tarry 
residue,  which  was  dissolved  in  100  ml  of  concentrated  hydrochloric  acid  with  heating  on  a  boiling  water  bath  under 
a  fume  hood.  The  hot,  dark  red  solution  was  filtered  through  a  glass  filter.  On  cooling,  the  solution  deposited  a  red, 
crystalline  precipitate  of  2-(p-sulfophenyl)-lndan-l,3-dione  (II).  It  was  collected,  washed  5-6  times  with  absolute 
diethyl  ether,  dried  for  3-4  days  in  a  vacuum  desiccator  over  alkali,  washed  again  with  absolute  diethyl  ether,  and 
dried  at  70-80*.  We  obtained  9.8  g(697o)  of  the  acid  (II)  with  m.p.  110-113*.  It  was  soluble  in  water, ethanol,  and 
acetone  and  insoluble  in  ether,  benzene,  and  chloroform. 

Found  <7o:  S  10.25.  C15H10O5S.  Calculated  S  10.60. 

The  1,2-dichloroethane  decanted  from  the  precipitate  of  the  acid  (II)  was  treated  with  50-60  ml  of  water. 

The  aqueous  layer  was  separated,  partly  neutralized  with  sodhim  carbonate,  and  saturated  with  sodium  chloride. 

The  sodium  salt  of  2-phenyl- 2-sulfoindan-l,3-dione  was  salted  out.  Recrystallization  from  dilute  ethanol  gave 
0.8  g(~5^o)  of  the  product.  The  melting  point  of  the  benzylthiuronium  salt  of  2-phenyl-2-sulfoindan-l,3-dione 
was  201-203*  (literature  data  [9]:  m.p.  202-203*). 

Found  <70:  N  5.83.  CjjHigOgNjSz.  Calculated  %:  N  5.99. 
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Reaction  of  the  sodium  salt  of  2-phenyl-2-sulfoindan-l,3-dione  with  chlorosulfonic  acid.  To  3.24  g  of  the 
sodium  salt  of  2-phenyl-2-sulfoindan-l,3-dione  in  40  ml  of  1,2-dichlocoethane  was  added  2  ml  of  chlorosulfonic 
acid.  The  flask  with  the  dark  red  reaction  mixture  was  stoppered  and  left  for  10  hr  with  periodic  loosening  of  the 
stopper  and  shaking.  The  1,2-dichloroethane  was  decanted  from  the  dark  red  tarry  precipitate,  which  was  dissolved 
in  50  ml  of  water.  The  aqueous  solution  was  filtered,  partly  neutralized  with  sodium  carbonate,  and  saturated  with 
sodium  chloride.  A  precipitate  of  the  sodium  salt  of  2-(p-sulfophenyl)-indan-l, 3-d lone  separated.  Recrystalliza- 
tlon  from  90^  ethanol  yielded  2.3  g  (71*70)  of  the  sodium  salt.  The  melting  point  of  the  benzylthluronlum  salt  of 
2-(p-sulfophenyl)-indan-l  ,3-dione  was  190-192*  (literature  data  [1];  m.p.  192*). 

Found  N  6.22.  CaHijOjNjS,.  Calculated  N  5.99. 

The  1,2-dlchloroethane  decanted  from  the  precipitate  of  the  acid  (II)  did  not  contain  2-phenyl-2-sulfoindan- 

l, 3-dione. 

Methyl  ester  of  l-methoxy-2-(p-sulfophenyl)-inden-3-one  (IV).  To  100  ml  of  an  ether  solution  of  diazo¬ 
methane,  obtained  from  10.3  g  of  nitrosomethylurea  [10],  was  added  2  g  of  2-(p-sulfophenyl)-indan-l,3-dione  in 
small  portions  with  cooling  until  the  liberation  of  nitrogen  ceased.  The  red  precipitate  was  collected,  washed  with 
water,  and  recrystallized  from  dilute  ethanol  (10  ml  of  ethanol  +  5  ml  of  water).  We  obtained  2  g  (91®^)  of  red 
prismatic  crystals  of  (IV).  The  m.p.  was  138-140*.  The  product  was  soluble  in  alcohols  and  acetone  and  insoluble 
in  water,  alkalis,  and  hydrochloric  acid  in  the  cold. 

Found S  9.30.  Ci7Hj40^.  Calculated '7o;  S  9.68. 

When  boiled  with  4  N  hydrochloric  acid  for  15  min,  the  ester  (VI)  dissolved.  Saturation  of  the  solution  with 
sodium  chloride  yielded  the  sodium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione,  which  was  identified  as  the  benzyl- 
thluronium  salt  with  m.p.  192*. 

l-Methoxy-2-phenylinden-3-one  (V)  was  synthesized  by  adding  2-phenyl- indan-1 ,3-dione  (I)  to  an  ether 
solution  of  the  diazomethane  obtained  from  10.3  g  of  nitrosomethylurea.  Compound  (I)  was  added  in  small  portions 
until  the  evolution  of  nitrogen  ceased.  To  100  ml  of  the  ether  solution  was  added  2.8  g  of  the  dione  (I).  The  solu¬ 
tion  was  filtered  to  remove  unreacted  dione  (I)  and  the  ether  removed  on  a  water  bath.  The  residue  crystallized  on 
cooling.  Recrystallization  from  alcohol  gave  yellow  prisms.  The  m.p.  was  73-74*  and  the  yield  was  2  g(67*7o). 
After  recrystallization  from  anhydrous  alcohol,  the  substance  had  m.p.  76-77*  (literature  data  [2]:  m.p.  78*). 

Found  *70:  C  81.25,  81.50;  H  5.18,  5.21.  CuHijO^.  Calculated®^;  C  81.34;  H  5.12. 

Methyl  ester  of  2-bromo-2-(p-sulfophenyl)-indan-l,3-dione  (VI).  To  a  suspension  of  the  ester  (IV)  in  glacial 
acetic  acid  was  added  a  solution  of  bromine  in  glacial  acetic  acid  in  small  portions  until  the  ester  (IV)  dissolved 
completely  and  the  solution  was  decolorized.  On  standing,  the  solution  deposited  colorless  crystals  of  the  bromo 
derivative  (VI).  Dilution  of  the  solution  with  water  precipitated  the  bromo  derivative  completely.  It  was  recrys¬ 
tallized  from  alcohol.  The  fine,  colorless, lustrous  crystals  had  m.p.  158-159*. 

Found  Br  20.60.  Ci^HuOgSBr.  Calculated  <70:  Br  20.23. 

Bromination  of  l-methoxy-2-phenylinden-3-one  (V)  was  carried  out  as  above  in  glacial  acetic  acid.  The 
2-bromo-2-phenyllndan-l,3-dione  was  recrystallized  from  alcohol.  The  m.p.  was  104-105*  (literature  data  [11); 

m. p.  105*).  A  mixed  melting  point  with  2-bromo-2-phenylindan-l,3-dione  obtained  from  the  dione  (I)  and  bro¬ 
mine  was  not  depressed. 

Acid  chloride  of  2-chloro-2-(p-sulfophenyl)-indan-l,3-dione  (VII).  A  mixture  of  6.5  g  of  the  sodium  salt 
of  2-(p-sulfophenyl)- indan-1 ,3-dione,  which  had  been  dried  at  110*,  and  12.5  g  of  phosphorus  pentachloride  was 
heated  for  1  hr  on  a  water  bath  at  70-80"  and,  after  cooling,  poured  onto  ice.  Recrystallization  from  acetone 
yielded  5  g  (70<7o)  of  yellow  prisms  with  m.p.  129-130*.  The  crystals  were  soluble  in  acetone  and  alcohols,  less 
soluble  in  chloroform  and  benzene,  and  insoluble  in  water. 

Found  <7o;  Cl  19.60.  C^H804SCl2.  Calculated  *70;  Cl  19.96. 

Anilide  of  2-anilino-2-(p-sulfophenyl)-indan-l,3-dione  (VIII).  The  acid  chloride  (VII)  was  heated  with 
excess  aniline  on  a  water  bath.  The  cooled  reaction  mixture  was  treated  with  diethyl  ether  several  times  to  re¬ 
move  the  excess  aniline.  The  aniline  hydrochloride  was  dissolved  in  water  and  the  solid  residue  of  (VIII)  recrystal¬ 
lized  from  acetone.  The  m.p.  was  299-300*  (decomp.).  The  yellow  prisms  of  (Vni)  were  soluble  in  acetone  and 
alcohol  and  insoluble  in  benzene,  chloroform,  and  water. 
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Founder  N  5.80.  C^yHjoO^NjS.  Calculated <70:  N  5.97. 

Imlne  of  the  ammonium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione  (IX,  R=  H).  In  a  round- bottomed  flask 
with  a  reflux  condenser  were  fused  15  g  of  ammonium  acetate  and  12  ml  of  glacial  acetic  acid  and  3.24  g  of  the 
sodium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione  was  added.  When  the  mixture  was  heated,  the  salt  dissolved  and 
after  a  few  minutes,  a  voluminous  red  precipitate  separated.  After  15-20  min,  the  reaction  mixture  was  cooled, 

50  ml  of  ethanol  added,  the  mixture  heated  to  boiling,  and  water  added  in  small  portions  until  the  precipitate  dis¬ 
solved  completely.  On  cooling,  the  solution  deposited  1.95  g  (61*70)  of  the  imine  (IX,  R  =  H)  as  bright  red  prisms. 

They  were  soluble  in  water  and  insoluble  in  organic  solvents. 

Found  *70:  N  8.47.  Ci5H„04NS  *  NH3.  Calculated  N  8.80. 

Bromination  of  the  imine  (IX,  R  =  H)  was  carried  out  by  adding  a  solution  of  bromine  in  glacial  acetic  acid  to 
a  warm  aqueous  solution  of  the  imine.  The  clear  solution  was  then  decolorized  almost  completely.  Saturation  with 
ammonium  chloride  gave  a  colorless  precipitate  of  the  ammonium  salt  of  2-bromo-2-(p-sulfophenyl)-indan-l,3- 
dione.  It  was  soluble  in  water  and  acetic  acid,  sparingly  soluble  in  alcohol  and  acetone,  and  insoluble  in  benzene 
chloroform,  and  diethyl  ether.  It  liberated  iodine  from  an  acid  solution  of  potassium  iodide. 

Found  *70:  N  3.18;  Br  20.50.  CisHgOgSBr  •  NH3.  Calculated  ^o:  N  3.52;  Br  20.06. 

Acid  cleavage  of  the  imine  (IX,  R  =  H).  The  imine  was  boiled  with  hydrochloric  acid  (1  :  1)  and  the  solution 
partly  neutralized  with  sodium  carbonate  and  saturated  with  sodium  chloride.  A  precipitate  of  the  sodium  salt  of 
2-(p-sulfophenyl)-indan-l,3-dione  separated.  The  melting  point  of  the  benzylthiuronium  salt  was  191-192*.  The 
imine  (IX,  R  =  H)  was  cleaved  in  the  same  way  by  alkali  and  an  alcoholate. 

Phenyliniine  of  the  aniline  salt  of  2-(p-sulfophenyl)-indan-l,3-dione  (IX,  R=  CeHg).  A  mixture  of  3.24  g  of 
tlic  sodium  salt  of  2-(p-sulfophenyl)-indan-l,3-dione,  10  ml  of  aniline,  and  25  ml  of  glacial  acetic  acid  was  boiled 
gently  for  2  hr.  On  cooling,  the  dark  red  solution  deposited  crystals  of  the  imine  (IX,  R  =  C5H5),  which  were  recrys¬ 
tallized  from  80%  ethanol  to  yield  3.1  g  (6e7o)  of  the  phenylimine  (IX,  R=  CgHs)  as  red  prisms.  The  m.p.  was  272- 
274*  (decomp.). 

Found  *7o:  N  5.60.  C2iHi504NS  •  CeHgNHz.  Calculated  %:  N  5.85. 

Boiling  with  hydrochloric  acid  formed  the  acid  (II)  and  aniline  hydrochloride.  Cleavage  with  the  formation  of 
a  salt  of  the  acid  (II)  and  aniline  also  occurred  when  the  corrlpound  was  boiled  with  alkali  or  an  alcoholate. 

SUMMARY 

1.  2-(p-Sulfophenyl)-indan-l,3-dione  was  obtained  in  a  free  form  and  like  2-phenylindan-l,3-dione  itself, 
it  reacted  with  diazomethane  to  give  the  methyl  ester  of  l-methoxy-2-(p-sulfophenyl)-inden-3-one. 

2.  Bromination  of  the  methyl  ester  of  l-methoxy-2-(p-sulfophenyl)-inden-3-one  formed  the  methyl  ester  of 
2-bromo-2-(p-sulfophenyl)-indan-l,3-dione. 

3.  Treatment  of  2-(p-sulfophenyl)-indan-l,3-dione  with  phosphorus  pentachlcaride  formed  the  acid  chloride 
of  2-chloro-2-(p-sulfophenyl)-indan-l,3-dione. 

4.  Like  2-substituted  indan-l,3-diones,  2-(p-sulfophenyl)-indan-l,3-dione  formed  an  imine  and  phenylimine. 
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Among  derivatives  of  indan-l,3-dione,  2-nitroindan-l,3-dione  has  found  wide  practical  application  and  is 
used  as  an  analytical  reagent  for  the  isolation  and  identification  of  amines  and  for  the  qualitative  determination  of 
hydrazine,  antipyrine,  formaldehyde,  pyrroles,  indoles,  and  a  series  of  otfier  compounds  [1],  2-Nitroindan-l,3-dione 
is  obtained  by  nitration  of  indan-l,3-dione  with  nitric  acid  in  glacial  acetic  acid  [2],  This  method  of  introducing 
a  nitro  group  into  an  active  methylene  group  was  used  later  for  the  nitration  of  a  whole  series  of  2-substituted  indan- 
1,3-diones  [3].  Cleavage  of  2-nitro-2-phenylindan-l,3-diones  with  alkalis  to  phthalic  acid  and  phenylnitromethane 
[4],  which  was  studied  in  detail  by  one  of  us  [5,  6],  was  proposed  as  a  preparative  method  for  the  preparation  of  sub¬ 
stituted  nitromethanes  [3]. 

It  seemed  profitable  to  us  to  study  the  nitration  of  2-aralkylindan-l,3-diones  (II),  the  preparation  of  which  by 
hydrogenation  of  arylidenindandiones  (I)  was  developed  by  us  recently  [71.  The  corresponding  arylidenindan-1,3- 
diones  were  obtained  readily  by  condensation  of  indandione  with  aromatic  aldehydes. 
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According  to  literature  data,  in  the  nitration  of  2-phenylindan-l,3-dione  [4,  8],  2-benzhydrylindan-l,3-dione 
[9],  2-(p-nitrobenzyl)-indan-l,3-dione  [10],  benzylidene-bis-indan-l,3-dione  [11],  and  2-benzylbindone  [12,  13] 
the  nitro  group  always  enters  the  active  methylene  group.  Analogously,  by  nitration  of  2-benzylindan-l,3-dione 
with  nitric  acid  in  glacial  acetic  acid  we  obtained  2-nitro-2-benzylindan-l,3-dione  (III),  which,  in  contrast  to  the 
starting  2-benzylindan-l,3-dione,  was  insoluble  in  aqueous  alkali  in  the  cold  and  consequently  did  not  contain  an 
enolizable  hydrogen  atom.  Characteristically,  on  reduction  of  2-nitro-2-benzylindan-l,3-dione  there  was  denitra¬ 
tion  with  the  formation  of  the  starting  2-benzylindan-l,3-dione.  Similar  examples  have  already  been  repotted  in 
the  literature.  Thus,  for  example,  the  reduction  of  2-nitro-2-phenylindan-l,3-dione  yielded  2-phenylindan-l,3- 
dione  [4].  The  same  was  observed  during  the  reduction  of  2-niiro-2-benzhydrylindan-l,3-dione  with  tin  in  hydro¬ 
chloric  acid,  when  the  main  product  was  2-benzhydrylindan-l,3-dione  and  only  a  very  small  amount  of  2-amino- 
2-benzhydrylindan-l,3-dione  was  formed  [14].  We  subsequently  observed  on  many  occasions  that  in  the  reduction 
of  nitrated  indan-l,3-diones,  especially  with  sodium  hydrosulfite,  the  nitro  group  in  position  2  is  eliminated  smooth¬ 
ly,  while  a  nitro  group  in  the  aromatic  ring  is  reduced  to  an  amino  group.  This  phenomenon  may  be  used  for  solving 
structural  problems. 

Nitration  of  2-(p-methoxybenzyl)-indan-l,3-dione  (II,  Ar  =  C5H4OCH3-P)  [15]  yielded  a  mononitro  product, 
which  dissolved  in  alkali  even  in  the  cold  with  an  orange- brown  coloration,  indicating  the  presence  of  an  enoliza¬ 
ble  hydrogen  atom  in  the  molecule.  Reduction  of  the  nitro  compound  with  zinc  dust  in  glacial  acetic  acid  and 
treatment  of  the  product  with  bindone  gave  a  blue  color,  indicating  the  presence  of  an  aromatic  amino  group  [16]. 
Thus,  in  contrast  to  benzylindandione,  which  was  nitrated  at  the  active  methylene  group,  p-methoxybenzylindan- 
1,3-dione  was  nitrated  in  the  benzene  nucleus.  For  determining  the  position  of  the  nitro  group,  the  nitro  compound 
obtained  was  oxidized  with  potassium  permanganate,  when  it  yielded  phtfialic  and  nitro-4-methoxybenzoic  (m.p. 
186-187")  acids.  Of  the  two  known  nitro-4-methoxybenzoic  acids,  2-nitro-4-methoxybenzoic  acid  melts  at  200" 
[17],  while  3-nitro-4-methoxybenzoic  acid  melts  at  187*  [18].  Consequently  we  obtained  3-nitro-4-methoxyben- 
zoic  acid  (V),  from  which  it  follows  that  the  nitration  product  of  2-(p-methoxybenzyl)-indan-l,3-dione  was  2-(3*- 
nitro-4'- methoxybenzyl)- indan- 1 ,3-dione  (IV). 
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This  direction  of  nitration  in  the  given  case  is  explained  by  the  effect  of  the  nucleophilic  methoxy  group  as 
the  nitration  of  2-(p-nitrobenzyl)-indan-l,3-dione,  which  has  the  electrophilic  nitro  group  in  the  same  position, 
forms  2-nitro-2-(p-nitrobenzyl)-indan-l,3-dione  [10],  In  the  nitration  of  2-(p-methoxyphenyl)-indan-l,3-dione 
[19]  and  also  2-(p-nitTophenyl)-indan-l,3-dione  [20]  the  nitro  group  replaced  an  active  hydrogen  of  the  methylene 
group. 

The  nitration  of  2-(o-methoxybenzyl)-indan-l,3-dione  (II,  At  =  CeH4(X:H8-o)  under  analogous  conditions 
yielded  a  nitro  product  with  m.p.  217-219*,  which  was  also  soluble  in  alkalis  in  the  cold;  after  reduction  with  zinc 
dust  in  glacial  acetic  acid,  the  product  gave  a  characteristic  reaction  for  a  primary  aromatic  amino  group  with 
bindone.  Consequently,  the  nitro  group  entered  the  aromatic  nucleus  in  this  case  also.  Oxidation  of  the  nitro  prod¬ 
uct  as  above  gave  phthalic  and  nitro-2-methoxybenzoic  (m.p.  158-159.5*)  acids;  the  latter  corresponded  to  5-nitro- 
2-methoxybenzoic  acid  (VII  [21,  22].  From  this  it  follows  that  the  nitration  of  2-(o-methoxybenzyl)-indan-l,3- 
dione  yielded  2-(5'-nitro-2’-methoxybenzyl)-indan-l,3-dione  (VI). 
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Nitration  of  2-(3’,4'-dimethoxybenzyl)-indan-l,3-dione  (II,  Ar  =  (34H3((X:H3)2-p,m)  under  analogous  condi¬ 
tions  yielded  two  products;  on  cooling,  the  reaction  mixture  deposited  a  very  small  amount  of  a  bright  yellow  crys¬ 
talline  mononitro  product  with  m.p.  244-245",  which  was  insoluble  in  alkalis  in  the  cold.  This  was  evidently  2-nltro- 
2-(3’,4’-dimethoxybenzyl)-indan-l,3-dione  (VIII).  Since  the  yield  of  this  product  was  only  ~  5Vo,  the  structure  was 
not  studied  in  detail. 
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After  the  separation  of  diis  product,  dilution  of  the  filtrate  with  water  precipitated  the  main  reaction  product, 
namely,  a  mononitro  compound  with  m.p.  194-197*,  containing  a  nitro  group  in  the  aromatic  nucleus  (IX).  The 
position  of  the  nitro  group  in  the  nucleus  was  not  established  as  after  oxidation  with  permanganate  it  was  not  pos¬ 
sible  to  isolate  the  corresponding  nitroveratric  acid  in  a  sufficiently  pure  form;  in  addition,  all  three  known  nitro- 
veratric  acids  have  similar  melting  points  (194-202*).  Thus,  the  oxidation  method  was  unsuccessful  in  the  given  case. 

EXPERIMENTAL 

2-Nitro-2-benzvlindan-l,3-dione  (III).  To  a  hot  solution  (70-80")  of  0.71  g  of  2-benzylindan-l,3-dione  in 
15  ml  of  glacial  acetic  acid  was  added  a  mixture  of  2.5  ml  of  fuming  nitric  acid  (d  1.49)  and  7.5  ml  of  glacial 
acetic  acid  with  vigtxous  stirring.  The  cooled  solution  was  diluted  with  70  ml  of  water  and  the  precipitate  collected 
and  recrystallized  from  alcohol  ca:  aqueous  dioxane  (1  ;  1)»  We  obtained  0.5  g  of  colorless  needles  with  m.p,  115- 
116*.  They  were  insoluble  in  alkalis  in  the  cdld. 

Found  <70;  N  4.62.  C16H11O4N.  Calculated  <7o:  N  4.98. 

Denitration  of  2-nitro-2-benzylindan-l,3-dione.  A  mixture  of  0.95  g  of  2-nitro-2-benzylindan-l,3-dione, 

2.1  g  of  sodium  hydrosulfite,  and  25  ml  of  alcohol  was  boiled  on  a  water  bath  for  3  hr  and  the  hot  solution  filtered. 
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The  unreacted  sodium  hydrosulfite  remained  on  the  filter.  The  cooled  filtrate  was  diluted  with  70  ml  of  water  and 
after  1  hr  the  colorless  precipitate  was  collected.  We  obtained  0.35  g  (4^o)  of  a  product  with  m.p.  88-92*,  which 
had  m.p.  94-  96*  after  recrystallization  from  aqueous  methanol  (1  :  1).  A  mixed  melting  point  with  authentic  2- 
benzylindan-1 ,3-dione  was  not  depressed. 

2-(3*-Nitro-4'-methoxybenzyl)-indan-l,3-dione  (IV).  To  a  hot  solution  (70-90*)  of  1.68  g  of  2-(p-methoxy- 
benzyl)-indan-l,3-dione  in  25  ml  of  glacial  acetic  acid  was  added  a  mixture  of  5  ml  of  fuming  nitric  acid  (dl.49) 
and  15  ml  of  glacial  acetic  acid  with  stirring.  The  cooled  solution  was  diluted  with  200  ml  of  water  and  after  1  hr, 
the  precipitate  (1.75  g)  was  collected  and  recrystallized  twice  from  alcohol.  The  m.p.  of  the  nitro  product  (IV)  was 
201-203*.  It  dissolved  in  alkali  even  at  room  temperature  with  an  orange-brown  coloration.  The  reaction  for  an 
aromatic  nitro  group  with  bindone  was  positive  [16]. 

Found  <70:  N  4.48.  C17H13O5N.  Calculated ‘7o:  N  4.50. 

Oxidation  of  the  nitro  product  (IV).  A  mixture  of  0.35  g  of  (IV),  1.3  ml  of  water,  and  0.55  g  of  potassium 
permanganate  was  boiled  under  reflux.  After  decolorization  of  the  solution,  a  further  0.55  g  of  potassium  perman¬ 
ganate  was  added  and  the  solution  boiled  until  the  coIot  disappeared  (about  2  hr  in  all).  The  hot  solution  was  sepa¬ 
rated  from  the  manganese  dioxide  and  2  ml  of  concentrated  hydrochloric  acid  was  added  to  the  cooled  filtrate.  The 
precipitate  melted  at  about  170-175*  and  consisted  of  a  mixture  of  3-nitro-4-methoxybenzoic  and  phthalic  acids. 

The  precipitate  was  boiled  with  2  ml  of  benzene  and  filtered.  The  phthalic  acid  (gave  a  sublimate  of  the  anhydride 
with  m.p.  126-128*)  remained  on  the  filter  and  the  filtrate  deposited  colorless  crystals  of  3 -nitro- 4- me thoxy benzoic 
acid  with  m.p.  186-187*;  literature  data  [18];  m.p.  187*  (from  water). 

Found  N  7.02.  CgHrOgN.  Calculated  %;  N  7.11. 

2-(5'-Nitro-2*-methoxybenzyl)-indan-l,3-dione  (VI).  To  a  hot  solution  (90*)  of  1.47  g  of  2-(o-methoxy- 
benzyl)-indan-l,3-dione  in  20  ml  of  glacial  acetic  acid  was  added  a  mixture  of  5.4  ml  of  fuming  nitric  acid  and 
12  ml  of  glacial  acetic  acid.  The  cooled  solution  was  diluted  with  200  ml  of  water.  An  oily  deposit  formed  at  first 
and  this  gradually  solidified.  It  was  ground  up  and  when  the  liquid  became  clear,  the  precipitate  was  collected.  It 
dissolved  readily  in  methanol  and  dioxane  and  less  readily  in  benzene.  The  yield  was  0.85  g  and  after  two  recrys¬ 
tallizations  from  glacial  acetic  acid,  the  product  had  m.p.  217-219*.  It  dissolved  in  alkalis  with  a  brown  coloration. 
After  reduction  with  zinc  dust  in  glacial  acetic  acid,  it  gave  the  blue  color  characteristic  of  aromatic  primary  amines 
with  bindone. 

Found  N  4.20.  CnHi305N.  Calculated  N  4.50. 

Oxidation.  A  mixture  of  0.7  g  of  2-(5’-nitro-2'-methoxybenzyl)-indan-l,3-dione,  26  ml  of  water,  and  1.1  g 
of  potassium  permanganate  was  boiled  under  reflux  until  the  color  disappeared.  An  additional  1.1  g  of  potassium 
permanganate  was  added  and  the  solution  boiled  again  until  the  color  disappeared  (3  hr).  The  hot  solution  was 
filtered  to  remove  manganese  dioxide  and  5  ml  of  concentrated  hydrochloric  acid  added  to  the  cooled  filtrate.  The 
yellow  precipitate  (0.11  g)  with  m.p.  145-152®  was  recrystallized  from  water,  when  it  had  m.p.  158-159.5*.  Accord¬ 
ing  to  literature  data  [21],  5-nitro-2-methoxybenzoic  acid  melts  at  161®.  The  filtrate  was  evaporated  to  dryness  and 
phthalic  anhydride  sublimed  from  the  residue. 

Found^o:  N  7.13.  CgHvOgN.  Calculated <70;  N  7.11. 

Nitration  of  2-(3*,4*-dimethoxybenzyl)-indan-l,3-dione  (VIII).  A  1.35  g  sample  of  2-(3’,4’-dimethoxybenzyl)- 
indan-l,3-dione  in  18  ml  of  glacial  acetic  acid  was  nitrated  with  a  mixture  of  4  ml  of  nitric  acid  (d  1.49)  and 
11.5  ml  of  glacial  acetic  acid  at  90*  as  in  previous  experiments.  From  the  cooled  solution  there  slowly  crystallized 
a  very  small  amount  (0.08  g,  5.1%)  of  a  yellow  substance,  which  melted  at  244-245.5*  after  recrystallization  from 
glacial  acetic  acid  and  did  not  dissolve  in  alkali  in  the  cold.  It  was  evidently  2-nitro-2-(3’,4*-dimethoxybenzyI)- 
indan-l,3-dione  (VIII). 

Founder  N  4.25.  CigHigOgN.  Calculated %;  N  4.11. 

After  removal  of  the  product  (Vni),  the  filtrate  was  diluted  with  200  ml  of  water  and  the  precipitate  (1.48  g, 
94%)  recrystallized  from  benzene.  The  light  brown  rhombic  crystals  had  m.p.  194-197*.  They  dissolved  in  alkali 
with  a  brown  coloration.  The  reaction  with  bindone  indicated  the  presence  of  an  aromatic  nitro  group,  but  its  posi¬ 
tion  was  not  established. 

Found  %:  N  4.17.  CigH^OgN.  Calculated  %:  N  4.11. 
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SUMMARY 

Nitration  of  2-benzylindan-l,3-dione  with  fuming  nitric  acid  in  glacial  acetic  acid  gave  2-nitro-2-ben2yl- 
indan-l,3-dione,  which  lost  the  nitro  group  to  form  the  starting  2-benzylindan-l,3-dione  when  treated  with  sodium 
hydrosulfite. 

In  the  nitration  of  2-(p-methoxybenzyl)-indan-l,3-dione  and  2-(o-methxoybenzyl)-indan-l,3-dione  under 
analogous  conditions,  the  nitro  group  entered  the  aromatic  nucleus  to  form  2-(3*-nitro-4’-metfioxybenzyl)-indan- 
1,3-dione  and  2-(5’-nItro-2'-methoxybenzyl)-indan-l,3-dione,  respectively. 

In  the  nitration  of  2-(3\4*-dimethoxybenzyl)-indan-l,3-dione,  the  nitro  group  entered  both  the  active  methyl¬ 
ene  group  (in  low  yield)  and  the  benzene  nucleus.  The  position  of  the  latter  nitro  group  was  not  determined. 
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Some  derivatives  of  phenyl  trifluoromethyl  ether  were  described  in  previous  communications  [1,  2],  but  o- 
and  m- substituted  derivatives  were  not  studied. 

Meta  derivatives  of  phenyl  trifluoromethyl  ether  were  synthesized  by  the  two  following  schemes: 
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The  second  route  is  simpler  and  mere  convenient.  All  the  stages  gave  good  yields.  m-Fluorophenyl  trifluoro¬ 
methyl  ether  was  obtained  from  the  m-amino  compound  by  Schiemann's  method. 

We  attempted  to  prepare  ortho  derivatives  of  phenyl  trifluoromethyl  ether  by  nitration  of  m-acetylamino- 
phenyl  trifluoromethyl  ether  as  hydrolysis  of  the  reaction  product  could  yield  a  mixture  of  three  isomeric  nitroamino 
compounds  (1, 11,  and  III). 
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The  mixture  was  steam  distilled.  The  distilled  product  was  recrystallized  to  constant  melting  point.  It  was 
found  to  be  the  isomer  (III).  Its  structure  was  demonstrated  by  its  conversion  to  the  o-diamine  and  the  o-diacetyl 
derivative.  The  latter  did  not  depress  the  melting  point  of  the  o-diacetylamino  compound  obtained  according  to 
the  following  scheme: 


845 


OCF3 

OCF3 

1 

OCF3 

J\ 

1  1 

n  - 

J\ 

i  1 

Y^NO, 

Y^NIICOClIa 

Nil, 

NIIj 

Niicocn3 

After  the  steam  distillation,  the  flask  contained  ~107o  (of  the  impure  nitroamines)  of  the  isomer  (1);  the  isomer 
(II)  could  not  be  isolated.  This  method  was  unsuitable  for  preparing  ortho  derivatives  of  phenyl  trifluoromethyl  ether. 
Another  route  was  tried; 
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However,  all  attempts  to  decarboxylate  the  nitro  acid  (IV)  and  the  amino  acid  (V)  were  unsuccessful. 

We  were  able  to  prepare  ortho  derivatives  of  phenyl  trifluoromethyl  ether  by  nitration  of  p-aminqihenyl  tri¬ 
fluoromethyl  ether  in  excess  concentrated  sulfuric  acid,  replacement  of  the  amino  group  by  iodine,  and  removal  of 
the  iodine  by  hydrogenation  in  an  alkaline  medium  in  the  presence  of  Raney  nickel  [3]. 
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It  was  found  that  deamination  of  the  nitroamino  compound  (VI)  in  the  presence  of  hypophosphorous  acid  was 
a  simpler  method.  The  acetyl  derivative  of  the  o- amino  compound  obtained  by  this  method  depressed  the  melting 
point  of  m-acetylaminophenyl  trifluoromethyl  ether. 

From  o-aminophenyl  trifluoromethyl  ether  we  obtained  the  carboxylic  acid  by  hydrolysis  of  the  correspond¬ 
ing  nitrile  and  the  o-fluoro  derivative  by  Schiemann’s  method. 

Nitration  of  4-chlorophenyl  trifluoromethyl  ether  yielded  a  mixture  of  2-  and  3-nitro  derivatives  and  neither 
these  compounds  nor  the  mixture  of  2-  and  3- amino  compounds  obtained  from  them  could  be  separated  by  vacuum 
distillation.  For  the  separation  of  the  acetyl  derivatives  of  the  amines  it  was  desirable  to  have  one  of  the  compounds 
of  known  structure.  For  this  purpose  we  synthesized  3-acetylamino-4-chlorophenyl  trifluoromethyl  ether  by  the  fol¬ 
lowing  scheme; 
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Nitration  of  phenyl  trifluoromethyl  ether,  which  contains  a  substituent  of  the  first  type,  i.e.,  die  CFsO  group, 
gave  a  9l7o  yield  of  a  nitio  compound,  which  was  reduced  to  an  amine  yield)  and  the  latter  acetylated  (90% 
yield).  The  acetyl  derivative  was  identified  by  melting  point  with  authentic  p-acetylaminophenyl  trifluoromethyl 
ether  [2]. 

An  attempt  was  made  to  synthesize  2,4,6-trinitrc^henyl  trifluoromethyl  ether.  For  this  purpose,  p-nitrophenyl 
trifluoromethyl  ether  (obtained  by  replacement  of  the  amino  group  in  p-aminophenyl  trifluoromethyl  ether  by  a 
nitro  group)  was  nitrated  with  a  nitrating  mixture  and  also  in  the  presence  of  oleum  of  various  concentrations.  How¬ 
ever,  in  all  cases  we  obtained  only  2,4-dinitrophenyl  trifluoromethyl  ether,  which  was  abo  formed  by  nitration  of 
phenyl  trifluoromethyl  ether  under  drastic  conditions. 
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It  is  interesting  to  note  that  like  o- trifluoromethyl-  and  o-trifluoromethylmercaptoacetanilides,  o-acetyl- 
aminophenyl  trifluoromethyl  ether  sublimed  readily.  Thus,  the  last  compound  sublimed  even  at  65*,  while  the  first 
two  sublimed  at  85*.  The  corresponding  meta  and  para  derivatives  did  not  sublime  when  heated  to  110*.  The  ease 
of  sublimation  of  these  ortho  derivatives  of  acetanilide  is  apparently  explained  by  the  formation  of  a  hydrogen  bond, 
for  example: 
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EXPERIMENTAL 

3-Nitro-4-acetylaminophenyl  trifluoromethyl  ether.  Over  a  period  of  20  min,  a  nitrating  mixture  (63  ml  of 
nitric  acid,  d  1.41,  and  73  ml  of  sulfuric  acid,  d  1.84)  at— 5*  was  added  with  stirring  to  34.2  g  of  p-acetylamino- 
phenyl  trifluoromethyl  ether  [2]  at— 10*.  The  mixture  was  stirred  at  0-4"  for  2  hr  and  then  poured  onto  ice.  The 
yield  was  38.5  g  (93.5%)  and  the  m.p.  98-99*  (from  methanol). 

Found  %:  N  10.32,  10.41.  C9H7O4N2F3.  Calculated  %:  N  10.6. 

3-Nitro-4-aminophenyl  trifluoromethyl  ether.  A  mixture  of  38.5  g  of  3-nitro-4-acetylamin<:^henyl  trifluoro- 
methyl  ether  and  a  solution  of  8.8  g  of  potassium  hydroxide  in  90  ml  of  75%  alcohol  was  boiled  on  a  water  bath  for 
15  min.  The  mixture  was  poured  into  water  and  the  product  collected.  The  yield  was  30.8  g(95%)  and  the  m.p. 
64-65*  (from  alcohol). 

Found  %:  N  12.37,  12.33.  CvHsO^NjFa.  Calculated  %:  N  12.61. 

3,4-Diaminophenyl  triflucaromethyl  ether.  A  mixture  of  a  solution  of  3  g  of  3-nitro-4-aminophenyl  trifluoro- 
methyl  ether  in  25  ml  of  alcohol  and  a  solution  of  10  g  of  stannous  chloride  in  40  ml  of  concentrated  hydrochloric 
acid  was  boiled  on  a  water  bath  for  2  hr.  A  40%  solution  of  sodium  hydroxide  was  added  and  the  product  extracted 
with  ether.  The  yield  was  2.16  g(83.4%)  and  the  b.p.  106-108"  (5  mm). 

2 ,3-  Diphenyl- 6-  trifluoromethoxyquinoxaline.  A  solution  of  0.24  g  of  benzil  in  8  ml  of  hot  alcohol  was  mixed 
with  a  solution  of  0.2  g  of  3,4-diaminophenyl  trifluoromethyl  ether  in  0.5  ml  of  alcohol.  The  mixture  was  heated 
on  a  boiling  water  bath  for  20  min.  The  yield  was  0.15  g  (39.3%)  and  the  m.p.  146-147*  (from  methanol). 

Found  %;  N  7.37,  7.45.  C21HJ3ON2F3.  Calculated  %:  N  7.65. 
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2-Trifluoromethoxyphenanthrazine.  A  solution  of  0.26  g  of  phenanthrenequinone  in  10  ml  of  hot  glacial 
acetic  acid  was  mixed  with  a  solution  of  0,2  g  of  3,4-diaminophenyl  trifluoromethyl  ether  in  0.5  ml  of  alcohol.  The 
mixture  was  heated  on  a  boiling  water  batfi  for  20  min.  The  yield  was  0.14  g  [31. (yjo)  and  the  m.p.  201-202*  (from 
methanol). 

Found ‘7o:  N  7.49,  7.65.  CjiHnONiFs.  Calculated  N  7.69. 

3,4-Diacetylaminophenyl  trifluoromethyl  ether.  A  2-g  sample  of  3,4-diaminq)henyl  trifluoromethyl  ether 
was  mixed  with  2  ml  of  acetic  anhydride.  The  yield  was  2  g  (69.570)  and  the  m.p.  176-177*  (from  methanol). 

Found  7o;  N  9.92,  9.91.  CijHiANzFs.  Calculated  7o:  N  10.14. 

2- Methyl-6-ttifluoromethoxybenzimidazole.  A  5.9-g  sample  of  3,4-diaminophenyl  trifluoromethyl  ether, 

8.3  ml  of  acetic  anhydride,  and  28  ml  of  207o  hydrochloric  acid  were  mixed  carefully  with  cooling.  The  mixture 
was  boiled  for  4  hr  and  the  product  precipitated  with  ammonia.  The  yield  was  5.86  g  (88.87o)  and  the  m.p.  132-133* 
(from  aqueous  methanol). 

Found  7o;  N  12.82,  12.94.  C9H7ON2F3.  Calculated  7o:  N  12.96. 

3- Nitrophenyl  trifluoromethyl  ether.  To  a  solution  of  5.1  g  of  3-nitro-4-amincphenyl  trifluoromethyl  ether 
in  15  ml  of  alcohol  was  added  3.6  ml  of  sulfuric  acid,  the  solution  cooled  to  0*,  and  the  amine  diazotized  with  a 
solution  of  1.9  g  of  sodium  nitrite  in  3  ml  of  water  with  stirring.  The  diazo  solution  was  boiled  on  a  water  bath  for 
2  hr.  The  product  was  steam  distilled  and  extracted  from  the  distillate  with  ether.  The  yield  was  v‘’.2  g(69.77o)  and 
the  b.p.  75*  (10  mm). 

Found  7o;  N  6.46,  6.53.  C7H4O3NF8.  Calculated 7o;  N  6.76. 

m-Methoxybenzoic  acid  was  obtained  in  ITjo  yield  by  methylation  of  m-hydroxybenzoic  acid  and  had  m.p, 
105-106*  [4]. 

m-Mcthoxybenzoyl  chloride  was  obtained  in  89.l7o  yield  and  had  b.p.  103*  (3  mm)  [5]. 

m-Trichloromethoxybenzoyl  chloride.  A  47.5-g  sample  of  m-methoxybenzoyl  chloride  was  chlorinated  in 
the  presence  of  2.5  g  of  phosphorus  pentachloride  at  190-200*  until  the  required  increase  in  weight  was  attained. 
Vacuum  distillation  yielded  65.6  g  [SG.fPjo)  of  product  with  b.p.  110*  (2  mm),  d*®  1.5226,  n^®D  1.5652. 

Found  7o:  Cl  51.54,  52.24.  C8H4O2CI4.  Calculated  7o:  Cl  51.83. 

m-Trifluoromethoxybenzoyl  fluoride.  A  mixture  of  24.5  g  of  m-trichloromethoxybenzoyl  chloride,  24  g  of 
antimony  trifluoride,  and  1  ml  of  antimony  pentachloride  was  boiled  for  5-10  min  and  the  product  then  vacuum 
distilled.  Distillation  on  a  small  column  at  atmospheric  pressure  yielded  11.3  [Gl.1%)  of  product  with  b.p.  160*. 

m- Trifluoromethoxybenzamide.  With  cooling  and  stirring,  7.35  g  of  m-trifluOTomethoxybenzoyl  fluoride  was 
added  to  40  ml  of  257o  aqueous  ammonia.  The  precipitate  was  collected,  washed  with  water,  and  recrystallized 
from  aqueous  methanol.  The  yield  was  6.25  g  (86.37o)  and  the  m.p.  115-116*. 

Found  7o:  N  6.57,  6.42.  CgHgOzNF,.  Calculated  N  6.83. 

m- Aminophenyl  trifluoromethyl  ether,  a)  A  solution  of  6.9  g  of  sodium  hydroxide  in  57  ml  of  water  was 
cooled  to  0*  and  1.7  ml  of  bromine  and  5.85  g  of  well  ground  m- trifluoromethoxybenzamide  were  added.  The  mix¬ 
ture  was  stirred  at  0*  until  the  whole  of  the  amide  had  dissolved  (1  hr).  The  mixture  was  then  heated  to  75*  and 
stirred  at  this  temperature  for  30  min.  The  amine  was  steam  distilled,  extracted  with  ether,  and  distilled.  The 
yield  was  3.53  g[l(Pjo)  and  the  product  had  b.p,  72-73*  (8  mm),  n*®  1.4665,  d^®  1.3254. 

The  acetyl  derivative  had  m.p.  94-95*. 

Found  70;  N  6.38,  6.55.  CgHgOzNFs.  Calculated  7o:  N  6.39. 

b)  A  solution  of  153  g  of  m-nitrophenyl* trifluoromethyl  ether  in  125  ml  of  alcohol  was  mixed  with  a  solution 
of  70  g  of  stannous  chloride  in  105  ml  of  hydrochloric  acid  and  the  mixture  boiled  for  1  hr.  The  mixture  was  treated 
with  407o  sodium  hydroxide  solution  and  extracted  with  ether.  The  yield  was  11.2  g  (807o)  and  the  b.p.  60-62“  (3  mm). 

The  acetyl  derivative  did  not  depress  the  melting  point  of  the  preparation  described  above. 
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m-Trifluoromethoxybenzoic  acid,  a)  A  2.14  g  sample  of  m-trifluoromethoxybenzoyl  fluoride  was  dissolved 
in  10  ml  of  acetone  containing  0.5  ml  of  water.  The  mixture  was  boiled  for  1  hr,  the  acetone  removed,  and  the 
product  dissolved  in  sodium  hydroxide  solution  and  precipitated  with  acid.  The  yield  was  1.7  g  (80.2F7o)  and  the 
m.p.  91-92*  (from  aqueous  alcohol). 

Found  ^o:  F  27.64,  27.40.  CgHgO^Fs.  Calculated  <yo:  F  27.67. 

b)  m-Aminophenyl  trifluoromethyl  ether  was  diazotized  and  converted  to  m-trifluoromethoxybenzonitrile  by 
Sandmeyer’s  method  (analogously  to  o-  and  p-tolunitriles  [6]).  The  latter  was  boiled  for  3  hr  with  S^o  sodium  hy¬ 
droxide  and  the  product  precipitated  with  hydrochlcwic  acid.  The  yield,  calculated  on  the  amine,  was  35^o  and  the 
m.p.  90-91*  (from  ligroin).  The  product  did  not  depress  the  melting  point  of  the  preparation  described  above. 

m-Fluorophenyltrifluoromethyl  ether  was  obtained  from  the  m- amino  compound  by  Schiemann's  method. 

The  decomposition  point  of  the  diazonium  fluoborate  was  132-133*.  The  yield  was  35^0,  calculated  on  the  amine, 
and  the  product  had  b.p.  100-101*,  n^®D  1.3913. 

Found  7o;  C  46.33  ,  46.39;  H  1.97  ,  2.02.  C7H4OF4.  Calculated  C  46.66;  H  2.22. 

3-Amino-4-nitrophenyl  trifluoromethyl  ether  (III).  A  12.2  g  sample  of  3-acetylaminophenyl  trifluoromethyl 
ether  was  nitrated  in  the  same  way  as  4-acetylaminophenyl  trifluoromethyl  ether.  The  mixture  of  nitro  products 
obtained  was  dissolved  in  24  ml  of  alcohol  and  mixed  with  a  solution  of  3.2  g  of  potassium  hydroxide  in  8  ml  of 
water.  The  mixture  was  boiled  on  a  water  bath  for  15  min  and  poured  into  water  and  the  precipitate  collected, 
washed  with  water,  and  steam  distilled.  The  undistillable  material  yielded  1.08  g  of  2-nitro-5-aminophenyl  tri¬ 
fluoromethyl  ether  (1)  with  m.p.  99-100*.  The  mixture  that  distilled  was  recrystallized  from  methanol  and  then 
from  ligroin  to  yield  2.55  g  of  the  isomer  (III)  with  m.p.  71-71.5*. 

Found  <yo:  N  12.52,  12.80.  C7H5O3N2F3.  Calculated  <70:  N  12.61. 

Methyl  p-trifluoromethoxybenzoate.  A  mixture  of  44  g  of  p-trifluoromethoxybenzoyl  fluoride  [2]  and  100  ml 
of  anhydrous  methanol  was  boiled  for  1  hr.  The  mixture  was  diluted  with  water  and  extracted  with  ether  and  the 
extract  dried  with  anhydrous  sodium  sulfate  and  distilled.  The  yield  was  40.4  g(86.87o)  and  the  product  had  b.p. 
85-87*  (10  mm),  n^*D  1.4451,  d^®  1.3230. 

Found  <70;  C  49.27  ,  49.43;  H  2.90,  2.91.  C9H7O3FS.  Calculated  <7o;  C  49.09;  H  3.18. 

Ethyl  p-trifluoromethoxybenzoate.  A  mixture  of  2.74  g  ofp-trifluoromethoxy -benzoyl  fluoride  and  10  ml  of 
anhydrous  alcohol  was  boiled  for  1  hr.  The  mixture  was  diluted  with  water  and  the  product  extracted  with  ether. 

The  yield  was  2  g(65.{y7o)  and  the  product  had  b.p.  207-208*,  n**D  1.4420,  d^®  1.2742. 

Methyl  3-nitro-4-trifluoromethoxybenzoate.  To  50  ml  of  concentrated  sulfuric  acid  at  0*  was  added  40.1  g 
of  methyl  p-trifluoromethoxybenzoate  with  stirring  and  over  a  period  of  1  hr,  a  nitrating  mixture  (15.6  ml  of  nitric 
acid,  d  1.42,  and  15.6  ml  of  sulfuric  acid,  d  1.83)  was  introduced  at  5-10*.  The  mixture  was  stfrred  for  15  min, 
and  poured  onto  ice  and  the  product  washed  with  water  and  recrystallized  from  alcohol.  The  yield  was  37.6  g  (78%) 
and  the  m.p,  42-43*. 

Found  <7o;  N  5.53,  5.54.  CgHeOgNFg.  Calculated  %;  N  5.28. 

3-Nitro-4-trifluoromethoxybenzoic  acid.  A  mixture  of  1  g  of  methyl  3-nitro-4-trifluoromethoxybenzoate 
and  1.5  ml  of  20%  sodium  hydroxide  solution  was  boiled  for  7  min.  The  mixture  was  diluted  with  water  and  the 
product  precipitated  with  hydrochloric  acid.  The  yield  was  0.8  g  (84.5%)  and  the  m.p.  136-137*  (from  aqueous 
methanol). 

Found  %:  N  5.52,  5.53.  C8H4O5NF3.  Calculated  %:  N  5.48. 

Methyl  3- amino-4- trifluoromethoxybenzoate.  A  solution  of  3  g  of  methyl  3-nitro-4-triflua:omethoxybenzoate 
in  10  ml  of  methanol  was  mixed  with  a  solution  of  8.9  g  of  stannous  chloride  in  7.0  ml  of  concentrated  hydrochloric 
acid  and  the  mixture  boiled  for  1.5  hr.  The  mixture  was  treated  with  40%  sodium  hydroxide  solution.  The  yield 
was  2.26  g  (85.0%)  and  the  m.p.  56*  (from  aqueous  alcohol). 

Found  %:  N  6.01,  6.12.  C9H8O3NF3.  Calculated  %:  N  5.96. 
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3- Amino-4- trifluoromethoxybenzoic  acid.  A  mixture  of  3.38  g  of  methyl  3-amino-4-trifluoromethoxyben- 
zoic  acid  and  25  ml  of  fl^o  sodium  hydroxide  was  boiled  until  all  the  oil  had  dissolved  (5-10  min).  The  acid  was 
precipitated  by  the  addition  of  »7o  hydrochloric  acid  to  a  weakly  acid  reaction.  The  yield  was  2.86  g(90.2f7o)  and 
the  m.p.  143-144*  (from  aqueous  methanol). 

Found  o/o;  N  6.34,  6.31.  CgHeQjNFs.  Calculated ‘7o;  N  6.33. 

2-Nitro-4-aminophenyl  trifluoromethyl  ether.  A  14  g  sample  of  p-aminophenyl  trifluoromethyl  ether  was 
added  with  stirring  to  87  ml  of  sulfuric  acid  at  such  a  rate  that  the  temperature  did  not  exceed  40*,  the  mixture 
stined  until  the  whole  of  the  substance  dissolved  and  then  cooled  to  0*,  an4  the  substance  nitrated  at  0*  with  a  mix¬ 
ture  of  5.4  g  of  93%  nitric  acid,  free  from  nitrogen  oxides,  and  8.3  ml  of  sulfuric  acid  (d  1.83).  After  the  addition  of 
the  nitrating  mixture,  stirring  was  continued  for  5  hr  at  0*.  The  reaction  mixture  was  poured  onto  ice,  the  product 
collected  and  washed  with  water,  the  sulfate  dissolved  in  methanol  or  acetone,  and  the  amine  precipitated  with  am¬ 
monia.  Some  product  was  also  precipitated  from  the  acid  mother  liquor  with  ammonia.  The  total  yield  was  13.16  g 
(75.2%)  and  the  m.p,  90-92*  (from  aqueous  methanol). 

Found  %:  N  12.66,  12.64.  C7H5OJN2F3.  Calculated  %;  N  12.61. 

o-Nitrophenyl  trifluoromethyl  ether.  A  5.5- g  sample  of  2-nitro-4-aminophenyl  trifluoromethyl  ether  was 
mixed  with  10  ml  of  concentrated  hydrochloric  acid  with  heating,  the  mixture  cooled  to  0*,  and  the  amine  diazo- 
tized  at  this  temperature  with  a  solution  of  2  g  of  sodium  nitrite  in  5  ml  of  water.  The  mixture  was  treated  with 
35  ml  of  concentrated  hydrochloric  acid,  filtered,  and  poured  into  a  solution  of  46.5  g  of  sodium  hypophosphite  in 
45  ml  of  concentrated  hydrochloric  acid.  The  mixture  was  left  overnight.  The  product  was  steam  distilled,  extracted 
with  ether,  and  distilled..  The  yield  was  2.4  g(47.2%)  and  the  b.p.  98*  (16  mm). 

Foundry,:  N  6.37,  6.51.  C7H4O3NF3.  Calculated  %:  N  6.76. 

2-Nitro-4-iodophenyl  trifluoromethyl  ether.  A  cooled  solution  of  4.4  ml  of  concentrated  sulfuric  acid  in  6  ml 
of  water  was  added  with  stirring  to  4.44  g  of  2-nitro-4-aminophenyl  trifluoromethyl  ether.  The  mixture  was  stirred 
until  a  thick  homogeneous  paste  had  been  formed,  then  10  ml  of  crushed  ice  was  added,  the  mixture  cooled  to  0*, 
and  a  solution  of  1.4  g  of  sodium  nitrite  in  3.5  ml  of  water  added  rapidly.  After  being  stirred  for  15  min,  the  diazo 
solution  obtained  was  added  to  a  solution  of  4.5  g  of  potassium  iodide  in  100  ml  of  saturated  sodium  acetate  solution. 
The  product  was  steam  distilled  and  extracted  with  ether  and  the  ether  extract  washed  with  sodium  sulfite  solution, 

10%  sodium  hydroxide  solution,  and  water  and  dried  over  anhydrous  sodium  sulfate.  The  yield  was  3.9  g(58.9%)  and 
the  b.p.  101-102*  (6  mm). 

Found  %:  1  38.23,  38.31.  C7H3O3NF3I.  Calculated  %:  138.13. 

2- Amino-4- iodophenyl  trifluoromethyl  ether.  A  mixture  of  a  solution  of  7.82  g  of  2-nitro-4-iodophenyl  tri¬ 
fluoromethyl  ether  in  30  ml  of  alcohol  and  a  solution  of  30.6  g  of  stannous  chloride  in  23  ml  of  concentrated  hydro¬ 
chloric  acid  was  boiled  for  1  hr.  The  reaction  mixture  was  treated  with  40%  sodium  hydroxide  solution.  The  yield 
was  6.2  g(87.0%)  and  the  b.p.  84-85“  (3  mmX 

Found  %;  1  41.43,  41.55.  C7H5ONF3I.  Calculated  %;  141.91. 

The  acetyl  derivative  had  m.p.  128.5-129.5*  (from  aqueous  methanol). 

Found  %:  1  36.92,  36.93;  N  4.29,  4.34.  C9H702NF81.  Calculated  %:  1  36.81;  N  4.06. 

o- Aminophenyl  trifluoromethyl  ether,  a)  A  solution  of  4  g  of  2-amino-4-iodophenyl  trifluoromethyl  ether  in 
4  ml  of  methanol  was  mixed  with  13  ml  of  1  N  potassium  hydroxide  in  methanol.  This  solution  was  added  to  a  mix¬ 
ture  of  2.5  g  of  Raney  nickel  moistened  with  alcohol  and  9  ml  of  methanol  and  the  reaction  mixture  saturated  with 
hydrogen  on  a  mechanical  shaker  for  1  hr.  The  catalyst  was  removed  by  filtration  and  washed  with  ether.  The  mother 
solution  was  diluted  with  water  and  the  amine  extracted  with  ether,  dried,  and  distilled.  The  yield  was  1.2  g  (51.5%) 
and  the  b.p.  56*  (11  mm). 

Found  %;  N  7.89,  8.28.  C7H6ONF3.  Calculated  %;  N  7.91. 

The  acetyl  derivative  had  m.p.  66-67*. 

Found  %:  N  6.49,  6.53.  C9H8O2NF3.  Calculated  %:  N  6.39. 
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b)  A  solution  of  4  g  of  2-nitrophenyl  trifluocomethyl  ether  was  mixed  with  a  solution  of  15.2  g  of  stannous 
chloride  in  12  ml  of  hydrochloric  acid  and  the  mixture  boiled  for  1  hr.  It  was  then  treated  with  40^  sodium  hydroxide 
solution.  The  product  was  extracted  with  ether  and  distilled.  The  yield  was  2.8  g(81.8^o)  and  the  b.p.  60*  (10  mm). 

Found  N  7.89,  8.28.  C7H«ONFs.  Calculated  N  7.91. 

The  acetyl  derivative  had  m.p.  66-67*  and  a  mixed  melting  point  with  the  sample  obtained  by  die  previous 
method  was  not  depressed. 

o-Trifluoromethoxybenzoic  acid.  A  1  g  sample  of  o-aminophenyl  trifluoromethyl  ether  was  diazotized  and 
converted  to  o-trifluoromethoxybenzonitrile  by  the  Sandmeyer  method  (analogously  to  o-tolunitrile  [6]).  The  nitrile 
was  hydrolyzed  by  boiling  with  9  ml  of  5^  sodium  hydroxide  solution  for  3  hr.  The  yield  was  0.6  g(51.77o,  calculated 
on  the  amine)  and  the  m.p.  79.80  (from  ligroin). 

Found ‘7o;  F  27.40,  27.94.  CgHgOjFj.  Calculated  F  27.67. 

o-Fluorophenyl  trifluoromethyl  ether.  A  3.4  g  sample  of  o-aminophenyl  trifluoromethyl  ether  was  mixed  with 
15  ml  of  20^0  hydrochloric  acid,  cooled  to  0*,  and  diazotized  with  1.5  g  of  sodium  nitrite  in  3  ml  of  water.  The  solu¬ 
tion  was  filtered  and  fluoboric  acid  (2.2  g  of  boric  acid  in  7  ml  of  40^0  hydrofluoric  acid)  added.  The  precipitate  was 
collected,  washed  with  iced  water,  and  dried  in  a  vacuum  desiccator  over  P2C^.  The  yield  of  the  fluoborate  was  3.4  g 
and  the  decomp.  p.  106-110*.  The  fluoborate  was  decomposed  and  the  product  distilled  immediately.  It  was  ex¬ 
tracted  with  ether  and  washed  with  lO^o  hydrochloric  acid  and  5%  sodium  hydroxide  solution.  The  yield  was  1  g 
(28.87o)  and  the  product  had  b.p.  105-106*  and  n^*D  1.3951. 

Found  C  46.21,  46.44;  H  1.95,  2.12.  C7H4OF4.  Calculated  <7o:  C  46.66;  H  2.22. 

3-Nitro-4-chlorophenyl  trifluoromethyl  ether.  A  3.6  g  sample  of  3-nitro-4-aminophenyl  trifluoromethyl  ether 
was  mixed  with  12  ml  of  hydrochloric  acid  (d  1.19)  and  6  ml  of  water  and  diazotized  at  0*  with  a  solution  of  1.2  g  of 
sodium  nitrite  in  3  ml  of  water.  The  solution  was  stirred  at  0*  for  1  hr,  the  unreacted  starting  material  (1.3  g)  removed 
by  filtration,  and  the  solution  of  the  diazonium  salt  gradually  added  to  a  solution  of  1 .8  g  of  cuprous  chloride  in  6  ml 
of  concentrated  hydrochloric  acid  and  8  ml  of  water.  The  mixture  was  left  overnight.  The  mixture  was  warmed  until 
decomposition  was  complete  and  the  product  was  steam  distilled  and  extracted  with  ether.  The  yield  was  1.6  g  (647o, 
calculated  on  the  substance  reacting)  and  the  b.p.  99-100“  (13  mm). 

Found  %:  N  5.53,  5.60.  C7H30^NF8C1.  Calculated  <7o:  N  5.71. 

3- Acetylamino-4-chlorophenyl  trifluoromethyl  ether.  A  mixture  of  a  solution  of  1  g  of  3-nitro-4-chlorophen.yl 
trifluoromethyl  ether  in  3  ml  of  alcohol  and  a  solution  of  3.3  g  of  stannous  chloride  in  3  ml  of  concentrated  hydrochlo¬ 
ric  acid  was  boiled  for  1  hr.  The  mixture  was  treated  with  AVjo  sodium  hydroxide  solution,  extracted  with  ether,  the 
ether  distilled  from  the  extract,  and  the  product  acetylated  by  heating  with  1  ml  of  acetic  anhydride  on  a  water  bath. 
The  yield  was  0.8  g(76.2f7o,  calculated  on  the  nitrochloro  derivative).  The  m.p.  was  84-85*. 

Found  <7o:  N  5.29,  5.38.  C9H7O2NF8CI.  Calculated  N  5.52. 

p-Nitrophenyl  trifluOTomethyl  ether,  a)  With  cooling  and  stirring,  9  ml  of  nitric  acid  (d  1.39)  was  added  to  a 
mixture  of  8.9  g  of  p-aminophenyl  trifluoromethyl  ether  and  68  ml  of  water.  The  amine  was  diazotized  at  0*  with  a 
solution  of  9.6  g  of  sodium  nitrite  in  19  ml  of  water  and  a  further  9.6  g  of  solid  sodium  nitrite  added.  The  solution 
of  the  diazonium  salt  was  stirred  at  0*  for  1  hr,  filtered,  and  poured  into  a  cooled  (0*)  solution  of  copjjer  nitrite,  which 
was  prepared  by  adding  a  solution  of  13.1  g  of  copper  sulfate  in  42  ml  of  water  to  12.6  g  of  sodium  nitrite;  the  mixture 
was  cooled  to  0*  and  20  g  of  dry  sodium  nitrite  added.  When  the  solution  of  the  diazonium  salt  had  been  added,  the 
mixture  was  stirred  at  0*  for  2  hr  and  left  overnight.  The  mixture  was  then  heated  to  65*  on  a  water  bath  with  stirring. 
The  substance  was  steam  distilled  and  extracted  from  the  distillate  with  ether  and  the  ether  solution  washed  with  lOVo 
sodium  hydroxide,  hydrochloric  acid,  and  water.  The  yield  was  2.8  g  (277o)  and  the  product  had  b.p.  58-60*  (4  mm), 
d*®  1.4470. 

Found ^o:  N  6.49,  6.57.  C7H4O8NF8.  Calculated  N  6.76. 

b)  A  nitrating  mixture  (5.5  ml  of  nitric  acid,  d  1. 41,  and  7  ml  of  sulfuric  acid,  d  1.84)  at  +2  to  +4*  was  added 
dropwise  with  stirring  to  5.3  g  of  phenyl  trifluoromethyl  ether,  cooled  to  0*.  The  mixture  was  stirred  at  +2  and  +4* 
for  3  hr  and  left  overnight.  It  was  then  poured  onto  ice  and  the  product  extracted  with  ether.  The  yield  was  6.18  g 
(91.5^0)  and  the  product  had  b.p.  54-56*  (3  mm),  d*®  1.4472. 
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For  demonstration  of  the  structure,  the  nitro  product  obtained  was  converted  to  the  acetylamino  compound.  A 
solution  of  6.18  g  of  the  nitrophenyl  trifluoromethyl  ether  in  50  ml  of  alcohol  was  mixed  with  a  solution  of  27.1  g  of 
stannous  chloride  in  40  ml  of  concenurated  hydrochloric  acid  and  the  mixture  boiled  for  1  hr.  It  was  then  treated  with 
40%  sodium  hydroxide  solution.  The  yield  was  4.74  g(89.8%)  and  the  b.p.  56-58*  (4  mm).  The  amino  compound  was 
converted  to  the  acetyl  derivative.  The  yield  was  5.2  g(96.3%)  and  the  m.p.  113-114*. 

2,4-DinitTophenyl  trifluoromethyl  ether.  A  2.3  g  sample  of  p- nitrophenyl  trifluoromethyl  ether  was  heated  at 
110-120*  for  3  hr  widi  a  nitrating  mixture  (9.7  ml  of  sulfuric  acid,  d  1.84,  and  2.7  ml  of  nitric  acid,  d  1.5).  The  mix¬ 
ture  was  poured  onto  ice  and  the  product  extracted  with  ether.  The  yield  was  1.63  g(58.5%)  and  the  b.p,  118-120* 

(4  mm). 

Found%;  N  11.09,  11.20.  CtHjOjNjFj.  Calculated^:  N  11.11. 

The  following  attempts  were  made  to  prepare  the  trinitro  derivative: 

a)  A  nitrating  mixture  (2  ml  of  nitric  acid,  d  1.5,  and  3.5  g  of  15%  oleum)  was  mixed  with  2.67  g  of  2,4-di- 
niirophenyl  trifluoromethyl  ether  and  the  mixture  heated  at  115*  for  3  hr.  We  obtained  2.25  g  of  the  starting  2,4-dl- 
nitrophenyl  trifluoromethyl  ether. 

b)  A  2.25  g  sample  of  2,4-dinitrophenyl  trifluoromethyl  ether  was  mixed  with  2  ml  of  nitric  acid  (d  1.5)  and 
3.5  g  of  30%  oleum  and  the  mixture  heated  at  115*  for  6  hr.  The  starting  dinitro  derivative  was  obtained. 

c)  At  0*,  3.65  g  of  phenyl  trifluoromethyl  ether  was  mixed  with  4  ml  of  sulfuric  acid  (d  1.84)  and  2  ml  of 

nitric  acid  (d  1.5),  the  mixture  stirred  at  20*  for  1  hr  and  heated  to  50*,  and  the  same  amounts  of  sulfuric  and  nitric 
acids  added  again.  At  90“,  6  g  of  20%  oleum  was  added  and  then  a  mixture  of  a  3  g  of  20%  oleum  and  1.5  ml  of 

nitric  acid  (d  1.5)  introduced  very  carefully.  The  mixture  was  kept  at  115*  for  2  hr,  cooled,  and  poured  onto  ice. 

The  b.p.  was  118-120*  (4  mm).  Dinitrophenyl  trifluoromethyl  ether  was  obtained. 

SUMMARY 

o-  and  m- Amino,  carboxy-,  and  fluorophenyl  trifluotomethyl  ethers  are  described.  It  was  shown  that  the  CFs© 
group  is  a  substituent  of  the  first  type.  Nitration  of  phenyl  trifluoromethyl  ether  or  p-nitrq)henyl  trifluoromethyl  ether 
yielded  2,4-dinitrophenyl  trifluoromethyl  ether. 
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Some  of  the  derivatives  of  1,2,3,4-tetrahydro-y-carboline  we  described  in  previous  communications  showed 
activity  in  pharmacological  tests.  Continuing  our  systematic  search  for  physiologically  active  substances  containing 
a  condensed  indole  system,  we  turned  to  derivatives  of  l,2,3,4,4a,9a-hexahydro-y-carboline,  which  contain  both 
indoline  and  piperidine  nuclei. 

We  obtained  the  starting  hexahydrocarbolines  (1)  without  substituents  in  the  indoline  part  of  the  molecule  in 
65-70^  yield  by  reduction  of  readily  accessible  1,2,3,4-tetrahydrocarbolines  (II)  [1,  2)  with  zinc  dust  in  a  mixture 
of  hydrochloric  acid  and  alcohol  in  the  presence  of  mercuric  chloride. 


II  I 
R 

(ll) 


R=  H.  CH„ 


The  products  (I)  were  best  isolated  in  the  form  of  the  readily  crystallizable  dihydrochlorides,  from  which  crys¬ 
talline  bases  could  be  obtained  easily. 

The  hexahydrocarbolines  obtained  were  indoline  derivatives  and,  in  contrast  to  the  starting  compounds  (II), 
which  belong  to  the  indole  series,  they  showed  properties  typical  of  aromatic  amines  [3].  As  a  result  of  this,  it  was 
possible  to  carry  out  substitution  in  the  phenyl  nucleus  of  the  hexahydrocarbolines  (1)  and  also  to  obtain  Ny-substi- 
tuted  derivatives;  both  these  types  of  reaction  are  known  to  involve  great  difficulties  in  the  indole  series. 

9- Acyl  derivatives  (III  ,  R=  COCHj)  were  obtained  by  acylation  of  l,2,3,4,4a,9a-hexahydtoy-carbolines 
with  acetyl  chloride  in  benzene. 

Other  N- acyl-1, 2,3 ,4 ,4a, 9a-hexahydro-y-carbolines,  which  could  be  of  pharmacological  interest,  could  be 
obtained  analogously.  The  next  communication  will  be  devoted  to  these  compounds. 


N-CII3 


R  Ri 


X  =  H; 
IV)  R=H. 
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9-Benzyl-l,2^,4,4a,9a-hexahydro-y-carbolines  (HI,  R=  CHjCeHg),  which  were  obtained  by  the  action  of 
benzyl  chloride  on  sodium  derivatives  of  hexahydrocarbolines  (I),  were  of  definite  interest  in  connection  with  the 
fact  that  a  preparation  with  a  high  antihystaminic  activity  has  been  found  among  9- benzyl  derivatives  of  1, 2,3,4- 
tetrahydro-y -carbolines  [4],  Other  9-alkyl-l,2,3,4,4a,9a-hexahydro-y-carbolines  obviously  may  be  obtained  by  the 
same  method. 

The  study  of  substitutions  in  the  phenyl  nucleus  of  l,2,3,4,4a,9a-hexahydro-y -carboline  was  of  interest  as  the 
preparation  of  the  carbolines  (I)  containing  reactive  substituents  in  the  nucleus  is  extremely  difficult  by  other  meth¬ 
ods.  Moreover,  compounds  of  this  type  could  be  interesting  from  the  point  of  view  of  their  pharmacological  action. 
We  studied  bromination,  thiocyanadon,  nitration,  and  nitrosation. 

The  hexahydrocarbolines  (T)  could  be  brominated  in  good  yield  with  bromine  in  acetic  acid  and  crystalline 
bromides  (IV,  X  =  Br)  were  obtained;  thiocyanation  under  Kaufmann's  conditions  gave  the  thiocyano  derivative 
(IV,  X  =  SCN,  Ri=  CHj). 

Only  one  compound  was  isolated  in  each  case  and  consequently,  the  second  isomer  was  formed  only  in  insig¬ 
nificant  amounts,  if  at  all.  Since  bromination  and  thiocyanation  of  N-monoalkylanilines  and  N- monoalkyl- o- 
toluidines  under  the  conditions  we  adopted  yields  para  derivatives,  while  substitution  in  indolines  under  the  same 
conditions  occur  at  position  5,  there  is  hardly  any  doubt  that  the  compounds  we  obtained  were  6-substituted  deriva¬ 
tives. 


All  attempts  to  nitrate  the  hexahydrocarbolines  (I)  were  unsuccessful  as  there  was  strong  tar  formation  under 
the  most  varied  reaction  conditions. 

As  the  introduction  of  nitrogen-containing  groups  into  the  aromatic  nucleus  of  the  compounds  (I)  was  of  par¬ 
ticular  interest  in  connection  with  the  possibility  of  preparing  the  corresponding  amines,  we  attempted  to  use  nitros¬ 
ation  for  this  purpose.  However,  nitrosation  of  the  hexahydrocarboline  (III,  R=  Ri  =  H)  formed  the  N9-nftroso  deriva¬ 
tive,  whose  structure  was  demonstrated  by  its  conversion  to  the  starting  hexahydrocarboline  on  hydrogenation  over 
skeletal  nickel.  Onthe other  hand,  nitrosation  of  9-benzyl-l,3,4-trimethyl-l,2,3,4,4a,9a-hexahydro-y-carboline 
(III,  R  =  CH2C5H5,  Ri  =  CH3)  gave  a  high  yield  of  a  nitroso  derivative,  which,  according  to  the  arguments  given  above, 
was  evidently  6-nitroso-9-benzyl-l,3,4-trimethyl-l,2,3,4,4a,9a-hexahydro-y -carboline.  Hydrogenation  of  the 
nitroso  derivative  over  skeletal  nickel  yielded  the  amine  (V),  which  was  isolated  as  the  hydrochloride;  acylation  of 
the  amine  (V)  with  6-chlorc^ropionyl  chloride  yielded  the  N-0-chloropropionyl  derivative  (VI). 


Cll, 


\^\ _ /\ 


N-Cll., 


I  I 
CM,  CH3 

I 

Colls 

(V) 


CH3 


CO 


C1I2 

I 

C1I2 
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Cl 


N-C1I3 


(!h. 


CM, 


Cnll 


0«'B 


(VI) 


As  has  been  mentioned  already,  it  is  extremely  difficult  to  obtain  N9- substituted  derivatives  and  also  1,2,3,4- 
tetrahydro-y -carbolines  substituted  in  the  aromatic  nucleus  by  direct  substitution.  It  was  therefore  very  tempting 
to  prepare  derivatives  of  1,2,3,4-tetrahydro-y-carboline  by  dehydrogenation  of  the  substituted  hexahydro  derivatives 
(in- IV).  This  method  was  used  successfully  for  the  preparation  of  difficultly  accessible  substituted  indoles  [3]. 

For  this  purpose  we  studied  the  dehydrogenation  of  1, 2,3 ,4,4a,9a-hexahydro-y -carboline  derivatives.  In  the 
case  of  hexahydro-y -carboline  (I,  R  =  H),  the  best  results  were  obtained  by  boiling  the  compound  in  xylene  in  the 
presence  of  palladium  black  and  3- methyl- 1,2,3,4-tetrahydro-y-carboline  (II,  R  =  H)  was  obtained  in  more  than 
80%  yield.  Dehydrogenation  with  chloranil,  which  is  recommended  for  indolines  [3],  was  accompanied  by  consider¬ 
able  tar  formation  and  gave  the  tetrahydro  derivative  in  very  low  yield. 

However,  all  attempts  to  dehydrogenate  hexahydro-y -carbolines  with  substituents  at  N9  or  in  the  aromatic 
nucleus  gave  negative  results.  Thus,  for  example,  6-bromo-3- methyl-1, 2,3,4, 4a, 9a-hexahydro-y -carboline  were 
not  dehydrogenated  under  any  of  the  conditions  possible  for  this  reaction  (boiling  in  xylene  in  tfie  presence  of  chlo¬ 
ranil  or  palladium  black  or  heating  with  palladium  black  without  solvent);  the  reaction  did  not  occur  under  mild 
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conditions  and  complete  conversion  of  the  reaction  mixture  to  tar  occurred  under  drastic  conditions.  Likewise,  9- 
benzyl-l,3,4-trimethyl-l,2,3,4,4a,9a-hexahydro-y  -carboline  and  9-acetyl-3-methyl-l,2,3,4,4a,9a-hexahydro-y - 
carboline  could  not  be  dehydrogenated.  The  reason  for  this  behavior  of  substituted  hexahydro-y -carbolines  remains 
unclear  and  requires  elucidation. 


EXPERIMENTAL 

3- Methyl-1, 2,3,4, 4a.9a-hexahydro-y-carboline  (I,  R=  H).  A  20  g  sample  of  3-methyl-l,2,3,4-tetrahydro-y - 
carboline  [2]  was  reduced  in  the  presence  of  0.2  g  of  mercuric  chloride  in  150  ml  of  alcohol  with  150  g  of  zinc  dust 
and  400  ml  of  concentrated  hydrochloric  acid  with  stirring  and  boiling  for  10  hr.  The  zinc  dust  was  added  at  the 
rate  of  15  g  per  hour  and  the  hydrochloric  acid  at  40  ml  per  hour.  The  cooled  reaction  mixture  was  poured  onto  1  kg 
of  ice  and  40%  sodium  hydroxide  solution  added  until  the  zinc  hydroxide  that  formed  first  dissolved  completely  with 
the  temperature  of  the  mixture  kept  below  10*.  The  precipitated  oil  was  isolated  by  repeated  extraction  with  ether, 
the  extract  dried  with  magnesium  sulfate,  an  ether  solution  of  hydrogen  chloride  added,  and  the  dihydrochloride  col¬ 
lected  and  boiled  with  50  ml  of  anhydrous  alcohol.  The  yield  was  19  g  (70%)  of  the  dihydrochlOTide  with  m.p.  239- 
241  (decomp.,  from  anhydrous  alcohol). 

Found  %:  C  55.09,  55.20;  H  6.94,  6.90;  N  10.65,  10.69;  Cl  27.09,  27.13.  CijHigNz  ’  2HC1.  Calculated  %: 

C  55.17;  H  6.94;  N  10.73;  Cl  27.15. 

The  base  had  m.p.  90.5-91.5*  (from  ligroin). 

Found  %:  C  76.08;  H  8.55;  N  14.42,  14.55.  C12H16N2.  Calculated  %:  C  76.54;  H  8.59;  N  14.88. 

9- Acetyl-3- methyl-1,2,3 ,4,4a, 9a-hexahydro-  y -carboline  (ni,  R  =  CH3CO,Ri  =  H)  was  obtained  in  73%  yield 
by  acetylation  of  the  previous  compound  with  acetyl  chloride  in  benzene  and  had  m.p.  122-123.5*  (from  n-heptane). 

Found  7o:  C  72.84,  73.23;  H  7.80,  7.71;  N  11.87,  11.95.  C14H18ON2.  Calculated  %:  C  73.01;  H  7.87;  N  12.17. 

The  hydrochloride  had  m.p.  211-212*  (from  anhydrous  alcohol). 

Found%:  C  62.76,  62.65;  H  7.38,  7.21;  N  10.23,  10.41.  C14H18ON2  •  HCl.  Calculated%;  C  63.03;  H  7.18; 

N  10.50. 

1,3 ,4- Trimethyl-1, 2,3,4 ,4a, 9a-hexahydro-y -carboline  (I,  R=  CH3)  was  obtained  analogously  to  the  above 
compound  from  20  g  of  l,2,3-trimethyl-l,2,3 ,4- tetrahydro-y -carboline  hydrochloride  [1],  150  ml  of  alcohol,  50  g 
of  zinc  dust,  and  375  ml  of  concentrated  hydrochloric  acid  without  heating.  The  yield  was  17.5  g(65%)  of  the  di¬ 
hydrochlOTide  with  m.p.  258-260*  (from  anhydrous  alcohol). 

Found  %:  N  10.00,  10.01;  Cl  24.37,  24.47.  C14H20N2  •  2HC1.  Calculated  %;  N  9.69;  Cl  24.52. 

The  base  had  m.p.  67.5-69*  (from  ligroin). 

Found  %:  C  77.48,  77.61;  H  9.30,  9.56;  N  12.97,  13.01.  CHH20N2.  Calculated  %;  C  77.72;  H  9.33;  N  12.94. 

9- Acetyl-1,3,4- trimethyl-l,2,3,4,4a,9a-hexahydro-y-carboline  (III,  R  =  CH3CO,  Ri  =  CH3)  was  obtained  by 
acetylation  of  the  previous  compound  with  acetyl  chloride  and  had  m.p.  103-104*  (from  n-octane). 

Found  %:  C  74.07,  74.26;  H  8.79,  8.57;  N  11.19,  11.36.  CigHzaONj.  Calculated  %:  C  74.36;  H  8.58;  N  10.84. 

6-Bromo-3-methyl- 1 ,2 ,3 ,4,4a,9a-hexahydro-  y_-carboline  ~  ^  solution  of  3.76  g  of  com¬ 

pound  (I,  R  =  H)  in  15  ml  of  glacial  acetic  acid  was  added  1  ml  of  concentrated  sulfuric  acid  with  stirring  and  then 
3.2  g  of  bromine  dropwise  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  was  18-20*.  After  1  hr  the 
viscous  mass  was  poured  into  100  ml  of  cold  water  and  made  alkaline  with  a  solution  of  18  g  of  sodium  hydroxide  in 
150  ml  of  water  with  cooling.  The  heavy  oil  that  precipitated  was  extracted  with  ether,  the  extract  dried  over  mag¬ 
nesium  sulfate,  and  the  solvent  removed.  The  residue  was  recrystallized  from  50%  alcohol.  The  yield  was  3  g(5e%) 
and  the  m.p.  75-76*  (from  aqueous  alcohol). 

Found  %  N  10.74,  10.53;  Br  29.39,  29.60.  Ci2Hi5N2Br.  Calculated  %:  N  10.52;  Br  29.91. 

6-Bromo-l,3,4-trimethyl-l,2,3 , 4,4a, 9a-hexahydro-y -carboline  (IV,  X  =  Br,  Rj  =  Cl%).  By  the  method  above, 
from  4.32  g  of  1,3 ,4- trimethyl- 1,2 ,3 ,4 ,4a,  9a- hexahydro-y -carboline,  15  ml  of  glacial  acetic  acid,  2  ml  of  concen¬ 
trated  sulfuric  acid,  and  3.2  g  of  bromine  we  obtained  3.5  g(55%)  of  the  dihydrochlOTide  with  m.p.  223-224* 
(decomp.,  from  anhydrous  alcohol). 
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Found  <70:  N  7.45,  7.53;  Cl  19.34.  C^jHiaNgBr  •  2HC1.  Calculated  N  7.61,  Cl  19.26. 

The  base  had  m.p.  108-109*  (from  ligroin). 

Found  C  57.52,  57.56;  H  6.29,  6.33;  N  9.29,  9.45.  CnHigNjBr.  Calculated  <7o:  C  56.95;  H  6.48;  N  9.49. 

6-Thiocyano-1.3.4-trimethvl-l,2,3,4-4a,9a-hexahydro-y-carboline  (IV,  X  =SCN,  Ri  =  CH3).  A  solution  of 

3.2  g  of  bromine  in  5  ml  of  methanol  saturated  with  sodium  bromide  was  added  slowly  with  stining  to  a  suspension 
of  4.32  g  of  1,3 ,4- trimethyl- 1,2 ,3 ,4a, 9a- hexahydro-y-carboline  and  8  g  of  potassium  thiocyanate  in  15  ml  of  meth¬ 
anol  at  -10*.  The  reaction  mixture  was  stirred  for  a  further  hour  and  poiued  into  200  ml  of  a  saturated  sodium  car¬ 
bonate  solution  and  the  product  extracted  with  ether.  The  ether  extract  was  dried  with  magnesium  sulfate  and  an 
ether  solution  of  hydrogen  chloride  added  to  yield  the  hydrochloride,  which  was  recrystallized  from  anhydrous  alco¬ 
hol.  The  yield  was  4.2  g  (67.7%)  and  the  m.p.  239-241*  (decomp.). 

Found %:  C  58.31,  58.40;  H  7.15,  6.93;  N  13.73,  13.64;  Cl  11.40,  11.37.  C^H-^jNsS  •  HCl.  Calculated %: 

C  58.14;  H  6.51;  N  13.56;  Cl  11.44. 

9-Benzyl-3-methyl-l,2,3.4,4a,9a-hexahydro-y-carboline  (III,  R  =  CH;CgH5,  Rj  =  H).  To  a  suspension  of 
sodamide,  prepared  from  1  g  of  sodium  in  60  ml  of  liquid  ammonia  in  the  presence  of  iron  nitrate,  was  added  a 
toluene  solution  of  5  g  of  3-methyl-l,2,3,4,4a,9a-hexahydro-y-carboline.  The  reaction  mixture  was  stirred  at  room 
temperature  for  3-4  hr  until  the  excess  ammonia  had  been  removed  completely  and  lustrous  crystals  of  the  sodium 
salt  of  the  carboline  formed  and  then  6  g  of  benzyl  chloride  was  added.  The  mixture  was  boiled  for  3  hr,  cooled, 
and  decomposed  with  water,  the  toluene  layer  separated,  and  the  aqueous  layer  extracted  with  ether.  The  ether  ex¬ 
tracts  were  combined  with  the  toluene  solution  and  dried  with  magnesium  sulfate.  The  hydrochlc*ide,  which  was 
obtained  by  adding  an  ether  solution  of  hydrogen  chloride  to  the  extract,  was  collected,  washed  with  ether,  dissolved 
in  water,  and  converted  to  the  base  with  sodium  carbonate  solution.  The  base  was  extracted  with  ether,  the  extract 
dried  with  magnesium  sulfate,  the  solvent  removed  on  a  water  bath,  and  the  residue  recrystallized.  The  yield  was 

4.2  g  (56.74%)  and  the  m.p.  74-75.5*  (from  n-heptane). 

Found '7(»:  C  82.08,  82.11;  H  7.94,  7.96;  N  9.76,  9.64.  C19H22N2.  Calculated  %;  C  81.98;  H  7.97;  N  10.07. 

9- Benzyl- 1 ,3 ,4- trimethyl- 1,2 ,3,4a, 9a-hexahydro-y  -carboline  (III,  R  =  CH2C6H5,  Rj  =  CH3).  This  compound 
was  obtained  analogously  from  6  g  of  1,3,4- trimethyl-l,2,3,4,4a,9a-hexahydro-y -carboline,  1  g  of  sodium,  60  ml  of 
of  liquid  ammonia,  and  6  g  of  benzyl  chloride.  The  yield  of  the  hydrochloride  was  6.5  g  (68.2%)  and  the  m.p.  246- 
247®  (from  anhydrous  alcohol). 

Found %:  C  73.47,  73.73;  H  8.08,  8.15;  N  8.15,  8.24;  Cl  10.45,  10.27.  C21H26N2  *  HCl.  Calculated %; 

C  73.55;  H  7.95;  N  8.17;  Cl  10.34. 

The  base  had  m.p.  73-75*  (from  ligroin). 

Found  %:  C  82.36,  82.15;  H  8.85,  8.89;  N  9.19,  9.30.  C21H26N2.  Calculated  %:  C  82.31;  H  8.55;  N  9.14. 

9-  Benzyl-  6-  nitroso- 1 ,3 ,4- trimethyl- 1 ,2 ,3 ,4,4a  ,9a-hexahydro-y  -  carboline.  A  solution  of  2.7  g  of  sodium 
nitrite  in  20  ml  of  water  was  added  drqjwise  with  stirring  at  5*  to  12.36  g  of  9-benzyl-l,3,4-trimethyl-l,2,3,4,4a,9a- 
hexahydro-y -carboline  hydrochloride  in  800  ml  of  water  and  100  ml  of  concentrated  hydrochloric  acid.  The  red 
reaction  mixture  was  neutralized  with  saturated  sodium  carbonate  solution  and  extracted  repeatedly  with  ether.  The 
extracts  were  dried  with  magnesium  sulfate,  the  ether  removed,  and  the  residue  recrystallized.  The  yield  was  8.9  g 
(747(i)  and  the  m.p.  105-105.5*  (from  ligroin);  the  product  formed  emerald  green  crystals. 

Found 7o:  C  75.31;  H  7.48;  N  12.80,  12.75.  C21H25ON3.  Calculated 7o:  C  75.18;  H  7.51;  N  12.53. 


9- Benzyl- 6- amino- 1 ,3 ,4- trimethyl- 1 ,2,3 ,4,4a ,9a-hexahydro-y  -carboline  (V).  An  8.9  g  sample  of  9-benzyl- 
6-nitroso-l,3,4-trimethyl-l,2,3,4,4a,9a-hexahydro-y -carboline  was  hydrogenated  in  300  ml  of  alcohol  in  the  pres¬ 
ence  of  Raney  nickel.  The  theoretical  amount  of  hydrogen  was  absorbed.  The  catalyst  was  removed  by  filtration, 
an  ether  solution  of  hydrogen  chloride  added  to  the  filtrate,  and  the  precipitated  dihydrochloride  collected  and 
washed  with  absolute  ether.  The  yield  was  10.5  g  (quantitative)  and  the  m.p.  197-200*  (from  anhydrous  alcohol). 

Found  7o:  N  10.84,  10.89.  C21HCTN3  *  2HC1.  Calculated  7o:  N  10.65. 

9- Benzyl- 6-(B-chloropropionylamino)- 1,3 ,4- trimethyl-1,2 ,3 ,4 ,4a, 9a- hexahydro-y-carboline  (VI).  To  a 
benzene  solution  of  the  amine  (V),  obtained  from  1  g  of  the  dihydrochloride,  was  added  a  benzene  solution  of  0.52  g 
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of  8-chloropropionyl  chloride.  After  1  hr,  the  hydrochloride  was  collected;  the  yield  was  1  g  (8BPJ0)  and  the  m.p. 
240-242*  (from  alcohol). 

Found <yo;  C  64.48;  H  7.57;  N  9.37,  9.17;  Cl"  8.15,  7.98.  C24H30ON3CI  •  HCl.  Calculated  <^0;  C  64.28; 

H  6.97;  N  9.37;  Cl"  7.91. 

The  base  had  m.p.  151-152*  (from  cyclohexane). 

Found  N  10.29,  10.05.  C24H30ON3CI.  Calculated ‘yo;  N  10.20. 

3-Methyl-l,2,3,4-tetrahydro-y-carboline  (II,  R=  H).  A  1  g  sample  of  3-methyl-l,2,3,4,4a,9a-hexahydro- 
y-carboline  was  boiled  for  30  min  in  10  ml  of  xylene  in  the  presence  of  0.2  g  of  palladium  black.  The  catalystwas 
removed  and  on  cooling,  the  filtrate  deposited  crystals  with  m.p.  170-171*.  The  yield  was  0.8  g(,S0%)  and  the  prod¬ 
uct  had  m.p.  171-171.5*  after  recrystallization  from  aqueous  methanol.  A  mixture  with  authentic  3-methyl-l,2,3,4- 
tetrahydro-y-carboline  melted  at  170-171*. 

SUMMARY 

1.  A  method  was  develc^ed  for  preparing  l,2,3,4,4a,9a-hexahydro-y-carbolines  by  reduction  of  1,2,3,4-tetra- 
hydro-y-carbolines  with  zinc  dust  in  hydrochloric  acid. 

2.  It  was  shown  that  l,2,3,4,4a,9a-hexahydro-y-carbolines  readily  gives  9-substituted  derivatives  and  also 
undergo  electrophilic  substitution  in  the  aromatic  nucleus. 

3.  3-Methyl-l,2,3,4,4a,9a-hexahydro-y -carboline  was  dehydrogenated  to  3-methyl-l,2,3,4-tetrahydro-y - 
carboline  by  heating  with  palladium  black. 
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The  physiological  activity  of  some  derivatives  of  1,2,3,4-tetrahydro-y -carboline  [1]  has  stimulated  further 
searches  for  physiologically  active  preparations  in  this  series,  in  particular,  a  pharmacological  study  of  new  types  of 
y  -carboline  derivatives. 

In  the  present  communication  we  present  data  on  the  synthesis  of  1,2,3 ,4 ,4a, 9a-hexahydro-y -carboline  deriva¬ 
tives  containing oi-chloroacyl  (I,  R'  =  Cl)  and  w-aminoacyl  groups  (I,  R’  =  NR"2)  at  N9.  Compounds  of  this  type  con¬ 
tain  an  indoline  system,  a  piperidine  ring,  and  an  aminoacyl  or  haloacyl  chain,  which  is  characteristic  of  many  sub¬ 
stances  with  a  high  physiological  activity. 

As  was  reported  in  a  previous  communication  [2],  l,2,3,4,4a,9a-hexahydro-  y-carbolines,  which  are  obtained 
readily  by  reduction  of  tetrahydro-y -carbolines,  may  be  acylated  at  the  N9  nitrogen  atom  without  difficulty  as  the 
latter  is  the  niuogen  atom  of  an  aromatic  amine.  This  analogy  was  also  confirmed  completely  by  the  formulation 
of  1,3,4- trimethyl-1,2,3, 4, 4a,9a-hexahydro-y-carboline,  which  proceeded  under  the  normal  conditions  for  formyl- 
ation  of  aromatic  amines  and  smoothly  gave  the  corresponding  9- formyl  derivative. 


I  n  r- 


To  prepare  the  derivatives  required  with  w-aminoacyl  groups  at  N9,  we  acylated  1, 2,3,4,4a, 9a-hexahydro- 
y -carbolines  (II,  R  =  H  or  CH3)  with  w-chloroacyl  chlorides  and  the  chlorine  atom  in  the  cj-chloroacyl  derivatives 
(III)  thus  obtained  was  replaced  by  an  amino  group  by  treatment  with  an  amine  to  yield  (I,  R'  =  NR" 2). 
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The  chloroacylation  was  effected  by  the  reaction  of  a  u-chloroacyl  chloride  with  a  l,2,3,4,4a,9a-hexahydro- 
y-carboline  (in  equimolecular  amounts)  in  benzene  or  toluene  at  room  temperature.  The  yields  were  60-8070. 

The  bases  of  the  w-chloroacyl  derivatives  were  boiled  with  3-4  moles  of  the  amine  in  benzene  or  xylene  for 
3-4  hr.  The  hydrochloride  of  the  starting  amine  liberated  was  removed  by  filtration,  the  solvent  and  excess  amine 
removed  in  vacuum,  the  residue  dissolved  in  ether,  and  the  aminoacyl  derivative  obtained  was  treated  with  an  ether 
solution  of  hydrogen  chloride  to  form  the  dihydrochloride,  which  was  then  recrystallized. 

The  reaction  of  1, 3,4- trimethyl-1, 2,3,4,4a,9a-hexahydro- y-carboline  with  phenyl  isocyanate  and  phenyl  iso¬ 
thiocyanate  formed  the  corresponding  urea  (IV,  X  =  O)  and  thiourea  (IV,  X  =  S)  derivatives. 
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EXPERIMENTAL 

1.3.4- Trlmethyl-9-formyl-l,2,3,4,4a,9a-hexahydro-y -carboline  hydrochloride.  A  mixture  of  1  g  of  1,3,4- 
trimethyl- 1,2,3 ,4,4a, 9a-hexahydro-y-carboline  and  5  ml  of  formic  acid  was  heated  for  1.5  hr.  The  excess  fcrmic 
acid  was  removed  in  vacuum,  the  residue  dissolved  in  alcohol,  and  an  ether  solution  of  hydrogen  chloride  added  to 
the  solution  obtained.  The  precipitate  was  collected  and  recrystallized  twice  from  a  mixture  of  alcohol  and  ether. 
We  obtained  1  g(76.97o)  of  the  substance  with  m.p.  245-247*  (decomp.). 

Found  7o:  C  64.25,  64.11;  H  7.86,  7.83;  N  10.16,  10.14;  Cl  12.75,  13.14.  CisHjiONiCl.  Calculated 
C  64.15;  H  7.53;  N  9.97; Cl  12.62. 

3- Methyl-  1(R) ,  4(R)- 9- u)- chloroacy  1- 1 ,2 ,3 ,4 ,4a ,9a-hexahy dro-y  - carbolines.  To  a  cooled  solution  of  10  g  of 
3- methyl- 1(R),  4(R)- 1,2,3 ,4 ,4a ,9a-hexahydro-y -carboline  in  100  ml  of  anhydrous  benzene  or  toluene  was  added 
1.2  mole  of  the  w-chloroacyl  chloride.*  The  reaction  mixture  was  kept  at  room  temperature  for  1  hr.  The  precip¬ 
itated  3- methyl- 1(R),  4(R)- 9-aj-chloroacyl-l, 2,3,4 ,4a, 9a-hexahydro-y -carboline  hydrochloride  was  collected,  dried 
in  a  vacuum  desiccator,  and  recrystallized  from  anhydrous  alcohol  or  a  mixture  of  alcohol  and  ether.  The  hydro¬ 
chloride  was  dissolved  in  water,  the  solution  made  alkaline  with  potassium  carbonate  and  extracted  3  times  with 
ether,  the  ether  extracts  were  dried  with  anhydrous  magnesium  sulfate,  the  ether  was  removed,  and  the  base  purified 
by  recrystallization  from  ligroin  or  cyclohexane.  In  some  cases  the  base  was  an  uncrystallizable  oil  and  was  used  in 
the  next  reaction  without  further  purification. 

All  the  compounds  obtained  are  given  in  Table  1. 

3- Methyl- 1(R),  4(R)-9-tL>-aminoanyl- 1,2 ,3 ,4, 4a. 9a-hexahydro-y- carboline.  To  a  solution  of  5  g  of  the  3- 
methyl-l(R),  4(R)-9-(xJ-chloroacyl-l,2,3,4,4a,9a-hexahydro-y -carboline  in  20  ml  of  anhydrous  benzene  or  toluene 
was  added  3-4  moles  of  the  appropriate  amine  and  the  reaction  mixture  boiled  for  3-4  hr.  The  precipitated  amine 
hydrochloride  was  removed  by  filtration.  The  solvent  and  excess  amine  were  removed  in  vacuum.  The  residue  was 
dissolved  in  absolute  ether  and  an  ether  solution  of  hydrogen  chloride  added  to  it.  The  precipitated  3-methyl- 1(R), 
4(R)-9-a;-aminoacyl-l,2,3,4,4a,9a-hexahydro-y -carboline  dihydrochloride  was  collected  and  recrystallized  from 
a  mixture  of  acetone  and  alcohol. 

The  compounds  obtained  are  given  in  Table  2. 

1.3.4- Trimethyl- 9-carbamidophenyl-l,2,3,4,4a,9a-hexahydro-y -carboline.  To  a  solution  of  2.2  g  of  1,3,4- 
trimethyl-1, 2,3 ,4 ,4a, 9a-hexahydro-y -carboline  in  15  ml  of  dry  ether  was  added  1.5  g  of  phenyl  isocyanate. 


•We  would  like  to  thank  V.  M.  Solov'ev  for  kindly  providing  us  with  the  oi-chloroacyl  chlorides. 
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TABLE  2.  3-Methyl- 1(R)-4(R)- 9-(cj-aminoacyl)-l, 2, 3,4, 4a,9a-hexahydro-y-carbolines 
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The  crystals  that  had  formed  after  30  min  were  collected.  We  obtained  3.3  g  (IOOp/o)  of  a  substance  with  m.p.  154- 
155*  (from  n- heptane). 

Found <7;?:  N  12.26,  12.18.  CjjHjgONs.  Calculated N  12.52. 

1,3, 4- Trimethyl- 9- thiocarbamidophenyl-1, 2, 3,4,4a, 9a-hexahydro-y-carboline  was  obtained  analogously  from 

2.2  g  of  l,3,4-trimethyl-l,2,3,4,4a,9a-hexahydro-y-carboline  and  2.2  g  of  phenyl  isothiocyanate.  The  yield  was 

3.2  g(91*7o)  and  the  m.p.  110-111*  (from  n-octane). 

Found  <70;  N  12.11,  12.13.  CjjHjsNjS.  Calculated  N  11.95. 

SUMMARY 

1.  A  series  of  9-chloroacyl  derivatives  of  1, 2,3,4 ,4a, 9a-hexahydro-y-carboline  was  synthesized. 

2.  A  series  of  9-aminoacyl  derivatives  of  1, 2,3 ,4,4a, 9a-hexahydro-y-carboline  was  synthesized. 

3.  It  was  shown  that  l,2,3,4,4a,9a-hexahydro-y-carbolines  react  normally  with  phenyl  isocyanate  and  phenyl 
isothiocyanate  to  give  urea  and  thiourea  derivatives. 
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5 -Hydroxy tryptophan  is  the  biological  precursor  of  serotonin  and  is  a  very  important  substance  for  pharma¬ 
cological  investigations  as  it  increased  the  level  of  this  biogenic  amine  in  the  organism.  In  contrast  to  the  latter, 
it  is  able  to  penetrate  the  hematoencephalic  barrier,  which  is  of  particular  interest  in  experimental  psychopharma- 
cology  [1].  5-Hydroxytryptophan  may  find  application  in  practical  medicine  in  cases  Where  the  serotonin  metab¬ 
olism  is  disturbed. 

5-llydroxytryptophan  was  first  synthesized  by  Ek  and  Witkop  [21,  starting  from  5-benzyloxyindole.  Applica¬ 
tion  of  the  Mannich  reaction  to  the  latter  gave  5-benzyloxygramine,  reaction  of  which  with  formylaminomalonic 
ester  led  to  the  ethyl  ester  of  6-(5-benzyloxyindolyl-3)-a-formylamino-ct-carbethoxypropionic  acid.  This  was 
successively  hydrolyzed  and  decarboxylated  to  give  5-benzyloxytryptophan.  Catalytic  debenzylation  of  the  latter 
gave  crude  3-hydroxytryptophan  in  a  yield  of  54.S7o,  calculated  on  the  starting  benzyloxyindole  (the  yield  of  the 
pure  substance  was  not  reported).  The  main  drawback  of  this  method  is  the  inaccessibility  of  the  starting  compound, 
which  is  ol^tained  from  m-nitrobenzaldehyde  by  a  nine-stage  synthesis  in  a  total  yield  of  247o.  Thus,  Ek  and  Witkop’s 
synthesis  is  very  laborious  and  the  over-all  yield  of  5-hydroxytryptophan  does  not  exceed  137o.  This  synthesis  was 
later  improved  somewhat  with  respect  to  method,  but  the  over-all  yield  of  5-hydroxytryptophan  remained  the  same 
[3]. 

As  we  required  considerable  amounts  of  5-hydroxytryptophan  for  pharmacological  investigations,  we  turned  to 
the  formation  of  the  indole  ring  by  Fischer's  reaction  acccxding  to  the  scheme  proposed  for  the  synthesis  of  trypto¬ 
phan  [4].  We  synthesized  5-hydroxytryptophan  by  the  following  route. 
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The  addition  of  acetylaminomalonic  ester  (II)  to  acrolein  (I)  under  the  action  of  sodium  methylate  yielded 
the  aldehyde  (III),  which,  without  isolation,  was  caiverted  to  the  p-benzyloxyphenylhydrazone  (V).  Without  special 
purification,  the  latter  was  cyclized  to  the  ether  ester  of  B-(5-benzyloxyindolyl“3)-a-carbethoxy-a-acetylamino- 
propionic  acid  (VI).  In  this  case  the  Fischer  reaction  was  effected  with  sulfosalicylic  acid— a  reagent  which  we  used 
successfully  on  a  previous  occasion  in  the  synthesis  of  serotonin  [5).  The  over- all  yield  of  the  indole  derivative  (VI) 
from  acrolein  was  TO^o.  The  product  (VI)  was  then  converted  to  5-hydroxytryptophan  (VIII)  by  the  Ek— Witkop 
scheme  with  some  modifications. 

Our  synthesis  consists  of  5  stages  and  gives  an  over- all  yield  of  5-hydroxytryptophan  of  467o.  The  method  is 
simple  and  suitable  for  the  production  of  large  amounts  of  the  preparation.*  We  also  synthesized  5- me thoxy trypto¬ 
phan  by  an  analogous  scheme.  This  compound  is  now  of  great  interest  as  a  possible  precursor  of  the  hormone  of  the 
pineal  gland,  melatonin,  which  is  N- acetyl- 5- methoxytryptamine  [7]. 


0-(5-Hydroxyindolyl-3)-a-ureidopropionic  acid  (IX)  and  the  corresponding  5-(5’-hydroxyskatyl)-hydantoin 
(X),  which  have  not  been  described  in  the  literature,  are  of  definite  interest  for  pharmacological  study.  The  ureido 
acid  (IX)  was  obtained  by  two  methods;  by  the  direct  reaction  of  5-hydroxytryptophan  with  sodium  cyanate  and  by 
catalytic  debenzylation  of  0-(5-benzyloxyindolyl-3)-a-ureidopropionic  acid.  Cyclization  to  the  hydantoin  (X)  was 
effected  by  means  of  hydrochloric  acid. 
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EXPERIMENTAL 

Ethyl  ester  of  6-(5-benzyloxyindolyl-3)-a-carbethoxy-a-acetylaminopropionic  acid  (VI).  To  a  solution  of 
90  g  of  acetylaminomalonic  ester  (II)  in  470  ml  of  anhydrous  methylene  chloride  was  added  4.5  ml  of  a  solution  of 
sodium  methylate,  obtained  from  0.18  g  of  sodium,  and  with  stirring  at  10*,  a  solution  of  28  g  of  freshly  distilled. 


*This  method  of  synthesizing  5 -hydroxytryptophan  is  protected  by  Author's  Certificate  No.  126116  with  priority 
from  June  29,  1959.  An  article  appeared  later  by  the  Canadian  chemists  Frangatos  and  Chubb  [61  on  the  synthesis 
of  5-hydroxytryptophan  by  an  analogous  scheme  with  sulfuric  acid  used  in  the  Fischer  reaction.  However,  under 
these  conditions  we  obtained  the  indole  ccmpound  (VI)  in  yields  of  only  43-4&^o  instead  of  13^o,  reported  by  the 
Canadian  investigatcars. 


anhydrous  acrolein  (I)  in  145  ml  of  methylene  chloride  was  introduced  over  a  period  of  15-20  min.  As  a  result  of 
the  exothermal  nature  of  the  reaction,  the  solution  temperature  reached  32-34*  at  the  end  of  the  addition  of  acrolein. 
When  all  the  acrolein  had  been  added,  the  reaction  mixture  was  stirred  at  30*  for  1  hr  and  to  the  solution  of  y-acetyl- 
amino-y  ,y -dicarbetfioxybutyraldehyde  (III)  obtained  were  added  10  ml  of  98%  acetic  acid  and  89  g  of  p-benzyloxy- 
phenylhydrazine  (IV)  with  stirring.  The  mixture  was  boiled  for  1  hr  and  then  the  solvent  removed  in  vacuum.  To 
the  yellow  precipitate  of  the  p-benzyloxyphenylhydrazone  of  y-acetylamino-y  ,y-dicarbethoxybutyraldehyde  (V) 
was  added  a  solution  of  100  g  of  sulfosalicylic  acid  in  a  mixture  of  900  ml  of  isopropanol  and  90  ml  of  water,  when 
the  hydrazone  dissolved.  The  solution  obtained  was  boiled  for  1  hr.  On  cooling,  it  deposited  a  crystalline  precipi¬ 
tate  of  the  ethyl  ester  of  6-(5-benzyloxyindolyl-3)- a-carbethoxy-a-acetylaminopropionlc  acid  (VI).  The  precip¬ 
itate  was  collected  and  washed  with  90%  isopropanol  and  water.  We  obtained  131  g(70%)  of  the  substance  with 
m.p.  164-166*.  Literature  data  [3]:  m.p.  166-168*. 

5 -Benzyloxy tryptophan  (Vll).  a)  Preparation  of  6-(5-benzyloxyindolyl-3)-a-carbethoxy-a-acetylamino- 
propionic  acid.  To  a  suspension  of  60  g  of  the  ethyl  ester  of  6 -(5-benzyloxyIndolyl-3)-a-carbethoxy-cx- acetyl 
aminopropionic  acid  in  70  ml  of  alcohol  was  added  a  solution  of  60  g  of  sodium  hydroxide  in  530  ml  of  water.  The 
mixture  was  boiled  and  stirred  for  6  hr  and  the  precipitate  gradually  dissolved.  The  solution  was  treated  with  activ¬ 
ated  charcoal,  the  charcoal  removed,  and  the  solution  cooled  to  5-10*  and  made  slightly  acid  to  Congo  with  dilute 
hydrochloric  acid  (1  ;  1).  The  precipitate  was  collected  and  washed  with  cold  water.  The  weight  of  the  moist  pre¬ 
cipitate  was  185  g.  It  was  used  immediately  for  further  conversions;  the  m.p.  was  159-160*  (from  ethanol). 

b)  Preparation  of  N-acetyl-5-benzyloxytryptophan.  The  moist  precipitate  of  6-(5-benzyloxyindolyl-3)- 
a-carboxy-o-acetylaminopropionic  acid  (185  g)  was  boiled  and  stirred  with  75  ml  of  water  for  4-5  hr  until  the 
evolution  of  carbon  dioxide  ceased.  The  mixture  was  cooled  to  10-15*  and  the  N- acetyl- 5-benzyloxy tryptophan 
formed  was  collected.  We  obtained  60  g  of  a  moist  precipitate,  which  was  used  for  further  conversions;  the  m.p.  was 
165-166*  (from  aqueous  alcohol). 

c)  Preparation  of  5-benzyloxytryptophan.  The  moist  precipitate  of  N-acetyl-5-benzyloxytryptophan  (60  g) 
was  boiled  with  145  ml  of  a  30%  aqueous  solution  of  sodium  hydroxide  for  4  hr.  To  the  hot  solution  obtained  was 
added  400  ml  of  water  and  the  solution  acidified  with  acetic  acid.  The  precipitate  of  5-benzyloxytryptophan  was 
collected  and  washed  with  water.  The  weight  of  the  dry  precipitate  was  38  g  (92%).  It  was  debenzylated  without 
purification.  The  melting  point  of  a  recrystallized  sample  was  274*  (decomp.)  [3]. 

5-Hydroxytryptophan  (VIII).  To  a  solution  of  30.0  g  of  5-benzyloxytryptophan  (VII)  in  a  solution  of  4  g  of 
sodium  hydroxide  in  230  ml  of  water  was  added  230  ml  of  alcohol.  The  solution  of  the  sodium  salt  of  5-benzyloxy- 
tryptophan  obtained  was  hydrogenated  at  5  atm  and  room  temperature  in  the  presence  of  Pd/CaCOj.  The  solution 
was  filtered  free  from  catalyst,  acidified  with  acetic  acid,  and  evaporated  in  vacuum  until  a  precipitate  formed. 

The  5 -hydroxy tryptophan  was  recrystallized  from  water.  We  obtained  16.0  g  of  5 -hydroxytryptophan  with  decomp, 
m.p.  293-295°. 

Found  %:  C  59.77;  H  5.55;  N  12.77.  CuHijO^Nz.  Calculated  %:  C  59.99;  H  5.50;  N  12.73. 

0.16  (n-butanol ;  glacial  acetic  acid  ;  water  4:1:1). 

Ethyl  ester  of  B-(5-methoxyindolyl-3)-ot-carbethoxy-a-formylaminopropionic  acid.  To  a  solution  of  18.3  g 
of  formylaminomalonic  ester  in  75  ml  of  methylene  chloride  was  added  1  ml  of  an  alcohol  solution  of  V.  M. 
Rodionov’s  catalyst  [8]  and  a  solution  of  6  ml  of  acrolein  in  30  ml  of  methylene  chloride  was  introduced  over  a 
period  of  20-30  min.  The  solution  temperature  rose  to  32-34*.  After  the  solution  had  been  kept  at  room  temper¬ 
ature  for  2  hr,  2  ml  of  acetic  acid  and  13.5  g  of  p-methoxyphenylhydrazine  were  added.  The  solution  was  left  until 
the  following  day.  The  solvent  was  removed  and  the  hydrazone  boiled  with  a  10%  aqueous  solution  of  sulfosalicylic 
acid  (225  ml)  for  2  hr.  The  mixture  was  cooled  and  neutralized  with  bicarbonate,  the  aqueous  layer  decanted,  and 
the  indole  derivative  recrystallized  from  105  ml  of  50%  acetic  acid.  We  obtained  7.6  g  of  the  substance  with  m.p. 
140-141*;  recrystallization  from  benzene  gave  7.3  g(22.3%)  of  the  product  with  m.p.  142-143*.  Literature  data  [9]: 
m.p.  140-141*. 

Ethyl  ester  of  B-(5-methoxyindolyl-3)-a-carbethoxy-a-acetylaminopropionic  acid.  As  described  previously, 
from  6.5  g  of  acetylaminomalonic  ester  in  75  ml  of  methylene  chloride  and  2  ml  of  acrolein  in  the  presence  of 
V.  M.  Rodionov's  catalyst  we  obtained  y-acetylamino-y  ,y-dicarbethoxybutyraldehyde,  which,  without  isolation, 
was  treated  with  p-methoxyphenylhdrazine  (4.5  g).  The  hydrazone  obtained  was  cyclized  by  boiling  with  an  aqueous 
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solution  of  sulfosalicylic  acid.  The  indole  derivative  was  extracted  with  methylene  chloride  and  after  the  solvent 
had  been  removed,  the  residue  was  recrystallized  from  a  mixture  of  ethanol  and  dilute  hydrochloric  acid  (1  :  1). 

We  obtained  4.42  g  (39.2f7o)  of  the  substance  with  m.p.  122-124*.  After  a  second  recrystallization,  the  substance 
had  m.p.  127-128*.  Literature  data  [10];  m.p.  128-129*. 

By  the  method  described  in  the  literature,  from  these  indole  derivatives  we  prepared  5-methoxytryptophan 
with  m.p.  249-250*  (decomp.).  Literature  data;  m.p.  250*  [9]  and  254-256*  [10]. 

5-Methoxytryptophan  hydrochloride  had  m.p.  230*  (decomp.). 

Founder  N  10.57;  Cl  13.67.  CijHuOsNz  •  HCl.  Calculated <70:  N  10.83;  Cl  13.73. 

3-(5-Benzyloxyindolyl-3)-  ff-ureidoprop ionic  acid.  A  suspension  of  2.5  g  of  5- benzyloxy tryptophan  (VII)  and 

2.5  g  of  sodium  cyanate  in  200  ml  of  water  was  heated  on  a  boiling  water  bath  for  3  hr.  The  precipitate  dissolved 
after  heating  for  1  hr.  The  solution  was  cooled  and  acidified  to  Congo  with  concentrated  hydrochloric  acid.  The 
precipitate  was  collected,  washed  with  water,  and  dried  in  a  vacuum  desiccator  over  sulfuric  acid.  Recrystalliza¬ 
tion  from  bCPjo  alcohol  gave  1.58  g(54^o)  of  the  substance  with  m.p.  181-181.5*  (decomp.). 

Found^;  C  64.97,  64.74;  H  5.50,  5.65;  N  11.84,  11.73.  C19H19O4NS.  Calculated <70;  C  64.51;  H  5.59; 

N  11.90. 

5-(5*- Benzyloxyskatyl)-hydantoin.  A  mixture  of  1  g  of  6 -(5- benzyloxy indolyl)- a- ureidoprop ionic  acid, 

7.5  g  of  sulfosalicylic  acid,  and  142.5  ml  of  water  was  heated  on  a  boiling  water  bath  for  3  hr.  When  the  mixture 
had  cooled,  the  precipitate  was  collected  and  washed  with  water.  The  weight  was  0.6  g.  The  substance  was  puri¬ 
fied  by  filtration  of  a  solution  of  it  in  anhydrous  methanol  through  a  column  of  alumina  and  recrystallization  from 
50170  aqueous  methanol;  the  m.p.  was  201-202.2* 

Found  <7o:  C  68.21 ,  67.78;  H  5.20,  5.15;  N  12.52,  12.28.  CigHnO^Nj.  Calculated  <70;  C  68.05;  H  5.10; 

N  12.53. 

fl-(5-Hydroxyindolyl-3)-a-ureidopropionic  acid  (IX).  A  mixture  of  6  g  of  5-hydroxytryptophan,  6  g  of  sodi¬ 
um  cyanate,  and  300  ml  of  water  was  heated  on  a  boiling  water  bath  in  a  stream  of  nitrogen  for  1  hr.  The  cooled 
solution  was  acidified  to  Congo  with  concentrated  hydrochloric  acid.  The  precipitated  crystals  were  collected, 
washed  with  water,  and  recrystallized  from  water  with  activated  charcoal.  Drying  in  a  vacuum  desiccator  over 
concentrated  sulfuric  acid  yielded  3.83  g  of  the  acid  (IX)  (53.5f7o).  For  analysis,  the  substance  was  recrystallized 
from  water  and  dried  in  vacuum  at  64*.  The  m.p.  was  178-179*  (decomp.). 

Found  <7o;  C  54.35.  54.24;  H  5.22,  5.06;  N  16.15,  16.17.  C,2Hi304N3.  Calculated  C  54.75;  H  4.94; 

N  15.97. 

Hydrogenation  of  6-(5-benzyloxyindolyl)-oc-ureidopropionic  acid.  A  1.5  g  sample  of  6-(5-benzyloxyin- 
dolyl)-a-ureidopropionic  acid  was  hydrogenated  in  a  solution  of  0.18  g  of  sodium  hydroxide  in  50  ml  of  alcohol  in 
the  presence  of  0.2  g  of  107o  palladium  on  calcium  carbonate.  The  normal  treatment  yielded  a  crystalline  sub¬ 
stance,  which  was  recrystallized  from  water  with  charcoal  to  yield  0.53  g(507o)  of  product  with  m.p.  177-178°( de¬ 
comp.).  A  mixed  melting  point  with  6-(5-hydroxyindolyl)-a-ureidopropionic  acid  was  not  depressed. 

5-(5*-Hydroxyskatyl)-hydantoin  (X).  A  solution  of  1  g  of  fl-(5-hydroxyindolyl)-o-ureidopropionic  acid  in 
45  ml  of  dilute  (1  ;  10)  hydrochloric  acid  was  heated  in  a  stream  of  nitrogen  on  a  boiling  water  bath  for  3  hr.  The 
crystals  that  farmed  when  the  solution  was  cooled  were  collected,  washed  with  water,  and  dried.  Recrystallization 
from  water  with  activated  charcoal  yielded  0.5  g  (53.5%)  of  5-(5’-hydroxyskatyl)-hydantoin  with  m.p.  239-240*. 

Found-y-;  C  58.01,  58.17;  H  4.53,  4.54;  N  17.31,  17.05.  CijHnQjNs.  Calculated  C  58.79;  H  4.52; 

N  17.14. 

SUMMARY 

1.  A  preparative  method  was  developed  for  synthesizing  5-hydroxytryptophan  from  acrolein  and  acetylamino- 
malonic  ester  by  means  of  the  Fischer  reaction. 

2.  5-Methoxytryptophan  was  synthesized  by  an  analogous  scheme. 

3.  B-(5-Hydroxyindolyl-3)- a-ureidopropionic  acid  and  5-(5*-hydroxyskatyl)-hydantoin,  which  have  not 
been  described  in  the  literature,  were  prepared  for  pharmacological  testing. 


867 


LITERATURE  CITED 


1.  D.  Bogdanski,  H.  Weissbach,  and  S.  Udenfriend,  J.  Pharm.  Exptl.  Therap.  122,  182  (19581. 

2.  A.  Ek,  and  B.  Witkop,  J.  Am.  Chem.  Soc._76,  5579(1954);  F.  Mason,!.  Chem.  Soc.  1195  (1925); Syntheses  of 

Organic  Preparations  [Russian  translation]  3,  363  (1952). 

3.  J.  Koo,  S.  Avakian,  and  G.  Martin,  J.  Org.  Ch.  179  (1959). 

4.  D.  Warner  and  O.  Moe,  J.  Am.  Chem.  Soc.  ^2#  2765  (1948). 

5.  N.  N.  Suvorov  and  V.  S.  Murasheva,  Author's  certificate  116106  (1958);  ZhOKh  30  ,  3112  (1960). 

6.  G.  Frangatos  and  F.  Chubb,  Can.  J.  Chem.  37,  1374  (1959). 

7.  A.  Lerner,  J.  Case,  and  R.  Heinzelman,  J.  Am.  Chem.  Soc.  M,  6084  (1959). 

8.  V.  M.  Rodionov  and  N.  G.  Yartseva,  Zynth.  Org.  Compounds  [in  Russian]  J.,  1  (1950). 

9.  Asami  Nobuo,  Nagasaki  Med.  J.^,  490(1955);  RZhim.  47117  (1956). 

10.  J.  Cook,  J.  London,  and  P.  McCloskey,  J.  Chem.  Soc.  1203  (1951). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter*by>letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri- 
oiticat  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


868 


PYRAZOLES 


XVI.  DEHYDROGENATION  OF  GEM-SUBSTITUTED  PYRAZOLINES 

I.  I,  Grandberg,  Din  Bei-ny,  and  A,  N.  Kost 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  941-948,  March,  1961 

Original  article  submitted  March  1,  1960 


We  showed  previously  that  the  dehydrogenation  of  pyrazolines  with  sulfur  is  a  convenient  method  of  synthe¬ 
sizing  pyrazoles  [1,  2]. 

The  behavior  of  gem- substituted  pyrazolines,  for  example,  of  type  I,  during  dehydrogenation  is  of  fundamental 
Interest.  The  presence  of  two  alkyl  (or  aryl)  groups  at  position  5  must  affect  the  course  of  the  reaction.  It  was  to  be 
expected  that  in  the  dehydrogenation  of  this  type  of  pyrazoline,  the  reaction  would  proceed  either  with  the  migra¬ 
tion  of  one  of  the  groups  at  position  5  or  with  the  formation  of  the  corresponding  isopyrazoles  (II). 


— n- 

3\|  N 

*  II 

(1) 

(11) 

As  a  result  of  dehydrogenation  of  3,5,5-trimethylpytazoIine  (III)  we  obtained  3,4,5-trimethylpyrazole(IV)  in 
30^  yield  and  consequently,  one  methyl  group  migrated  from  position  5  to  position  4  of  the  nucleus. 
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In  the  case  of  pyrazoline  containing  two  different  substituents  in  position  5,  in  analogy  with  the  dehydrogena¬ 
tion  of  3,5,5-trimethylpyrazoline,  one  might  have  expected  the  migration  of  one  of  the  radicals  (in  particular,  the 
one  less  firmly  bound  to  the  nucleus).  With  a  series  of  such  pyrazolines,  in  this  case  it  might  be  possible  to  deter¬ 
mine  the  relative  strengths  of  aliphatic  radicals  with  the  pyrazoline  nucleus  in  relation  to  their  structure.  In  the 
dehydrogenation  of  3,5-dIethyl-5-methyIpyrazoline  (V),  which  was  prepared  by  the  action  of  oxalic  acid  on  the 
azine  of  methyl  ethyl  ketone,  it  was  natural  to  expect  the  formation  of  either  3,5-diethyl-4-methylpyrazole  (VI) 
or  3,4-diethyl-5-methyIpyrazole  (VII). 


C,H, 


CH 


I 


N 


N 

H 

(VII) 


However,  the  dehydrogenation  of  the  pyrazoline  (V)  with  sulfur  yielded  two  compounds,  one  of  which  was 
3,4,5-trimethylpyrazole  (TV).  The  other  compound  had  the  composition  C7H12N2  (VIII). 
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The  formation  of  the  compound  (IV)  from  the  product  (V)  compelled  us  to  made  a  critical  examination  of  the 
purity  of  the  pyrazoline  (V),  which  was  obtained  by  the  rearrangement  of  methyl  ethyl  ketone  azine.  On  the  basis 
of  the  identity  of  the  N-phenylcarbamide  derivatives  of  the  pyrazolines  obtained  by  rearrangement  of  the  azine  and 
by  condensation  of  3-methylhepten-3-one-5  (X)  with  hydrazine,  we  previously  assigned  the  structure  of  3,5-diethyl- 
5-methylpyrazoline  (V)  to  the  base  obtained  from  the  azine.  However,  the  rearrangement  of  the  azine  could  also 
result  in  the  formation  of  3,4,5- trimethyl-5-ethylpyrazoline  (IX). 


(K) 


Since  the  formation  of  3,4,5-irimethylpyrazole  (IV)  from  compound  (V)  is  improbable,  it  had  to  be  assumed 
that  the  pyrazoline  from  the  azine  consisted  of  compound  (V)  with  some  of  the  pyrazoline  (IX),  from  which  the  for¬ 
mation  of  (IV)  seems  natural  and  could  occur  with  the  elimination  of  the  ethyl  group  from  position  5.  For  a  final 
solution  of  this  problem,  we  synthesized  the  corresponding  unsaturated  ketones  with  the  authentic  structures  (X)  and 
(XI)  [3,  4]  and  treated  these  ketones  with  hydrazine  to  form  the  pure  pyrazolines  (V)  and  (IX). 

We  were  unable  to  isolate  individual  fractions  after  the  dehydrogenation  of  the  pyrazoline  (V);  from  the 
pyrazoline  (IX)  we  obtained  quite  a  good  yield  of  3,4,5-trimethylpyrazole  (IV)  and  compound  (VIII)  with  the  com¬ 
position  C7Hi2N2,  which  we  had  obtained  previously. 


Thus,  the  rearrangement  of  methyl  ethyl  ketone  azine  to  a  pyrazoline  evidently  proceeds  in  two  directions, 
but  as  the  pyrazoline  (IX)  does  not  give  solid  derivatives  at  all,  while  the  constants  of  the  two  pyrazolines  (V)  and 
(IX)  are  very  close,  in  previous  work  [5]  we  took  this  mixture  as  a  pure  substance.  From  this  it  is  evident  that  the 
rearrangement  of  azines  of  unsymmetrical  ketones  does  not  occur  unequivocally  at  the  methyl  group,  as  we  mistaken¬ 
ly  reported  in  a  previous  paper  [5],  but  leads  to  a  mixture  of  pyrazolines.  In  this  connection  it  is  necessary  to  make 
a  critical  examination  of  the  purity  of  the  cycloprqjanes  obtained  from  these  pyrazolines  [6]. 


The  behavior  of  the  unsaturated  ketones  (X)  and  (XI)  toward  hydrazine  is  very  interesting.  When  boiled  with 
an  alcohol  solution  of  hydrazine  hydrate,  the  ketone  (X)  readily  gave  the  pyrazoline  (V),  while  the  ketone  (XI)  gave 
only  the  hydrazone  and  no  pyrazoline.  It  was  possible  to  obtain  3,4,5-trimethyl-5-ethylpyrazoline  (IX)  only  from 
4-chloro-3,4-dimethylhexanone-2  (XII). 


C2ii5-c=cnc-C2ns 

,!„3  <5 

(X) 


N,H. 


(V) 


C2H5-C=C — C-CHg;  C2H5— C - CH — C-CH3 


N.h, 


I  I 

CH3  CH3 
(XI) 


/\  I 

CH3  Cl  CH3 
(XII) 


(IX) 


The  base  (VIII)  with  the  composition  C7H12N2  did  not  have  constants  corresponding  to  any  of  the  possible 
pyrazoles  containing  any  combination  of  methyl  and  ethyl  groups  in  various  positions  of  the  nucleus  (see  literature 
[7-12])  and  thus  was  evidently  not  of  the  pyrazole  series.  Its  structure  remains  undetermined.  The  ultraviolet  ab¬ 
sorption  spectrum  contained  a  noncharacteristic  maximum  in  the  region  of  210-225  m/i ,  while  the  infrared  spectrum 
showed  the  presence  of  an  N— H  bond. 

We  did  not  isolate  individual  compounds  from  the  dehydrogenation  of  the  pyrazoline  obtained  from  methyl 
propyl  ketone  azine. 

We  studied  the  dehydrogenation  of  3,4-tetramethylene-5,5-pentamethylenepyrazoline  (XIII)  with  sulfur.  The 
reaction  proceeded  smoothly  with  the  liberation  of  pure  hydrogen  sulfide.  Distillation  gave  a  good  yield  of  a  sub¬ 
stance  with  the  composition  C12H18N2  (XIV). 
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H 

(XR)  (X/III) 


It  was  found  that  the  dehydrogenation  of  (Xin)  could  proceed  in  several  directions. 

An  investigation  showed  that  the  substance  contained  one  labile  hydrogen  atom.  In  addition,  by  heating  the 
substance  with  acetic  anhydride,  we  obtained  its  acetyl  derivative,  which  was  reconverted  to  the  starting  material 
on  hydrolysis.  Substance  (XIV)  therefore  could  not  have  structure  (XVII)  or  (XIX). 

Compound  (XV)  has  a  double  bond  and  should  add  bromine.  However,  a  preliminary  experiment  showed  that 
though  die  addition  of  bromine  occurred  (the  color  disappeared),  it  was  evidently  not  a  carbon— carbon  bond,  but 
most  likely  the  result  of  replacement  of  a  hydrogen  atom  at  a  nitrogen  as  the  whole  of  the  bromine  could  then  be 
titrated  as  if  it  had  not  reacted.  Thus,  the  structure  (XV)  can  also  be  eliminated  from  the  examination. 


Compound  (XVI)  was  synthesized  in  the  following  way; 


1 \  A \  CO— ^ 

\_coci  +  /  N - -  I  I 

\/\ci 


N.H. 


(XVI) 


II 


However,  the  picrate  of  this  pyrazole  had  m.p.  169*  and  depressed  the  melting  point  of  the  picrate  of  com¬ 
pound  (XIV). 

Compound  (XVni)  is  a  dihydropyridazine  and  should  be  converted  to  a  pyridazine  readily  by  oxidation.  We 
used  almost  all  the  methods  described  in  the  literature  ftxr  the  oxidation  of  dihydropyridazines  to  pyridazines,  but 
were  unable  to  obtain  a  pyridazine  from  (XIV). 

Thus,  the  compound  (XIV)  with  the  decomposition  Ci2HigN2  probably  has  none  of  the  structures  examined  and 
is  evidently  formed  by  stronger  destruction  of  the  pyrazollne  (XIII). 

The  dehydrogenation  of  5,5-diphenylpyrazoline  yielded  only  1,1-diphenylcyclc^ropane,  i.e.,  on  heating  the 
pyrazollne  was  readily  converted  to  the  cyclopropane  by  the  Kizhner  reaction  with  the  elimination  of  nitrogen.  In 
die  analogous  dehydrogenation  of  3,5,5-trimethylpytazolines  substituted  at  dte  nitrogen  atom,  pyrazoles  could  not 
be  obtained.  3, 5, 5-Trimethyl- 1-butylpyrazoline  was  recovered  unchanged  after  being  heated  with  sulfur  at  250* 
for  10  hr,  while  3,5,5-trimetiiyl-l-phenylpyrazoline  was  decomposed  completely  by  heating  with  sulfur  at  270-300* 
for  3  hr. 
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EXPERIMENTAL 


Dehydrogenation  of  3,5,5-trimethylpyrazoline.  A  mixture  of  30  g  of  3,5,5-trimethylpyrazoline  [5]  and  18  g 
of  sulfur  was  boiled  under  reflux  for  20  hr.  Distillation  of  the  reaction  mixture  yielded  15  g  of  the  starting  pyrazoline 
and  5  g  (30yo,  calculated  on  the  material  reacting)  of  3,4,5-trimethylpyrazole  (IV)  with  b.p.  130-134®  (10  mm)  in  the 
form  of  a  red,  crystalline  mass,  which  gave  the  pure  pyrazole  with  m.p.  137*  [13]  after  recrystallization  from  octane. 
It  should  be  noted  that  the  use  of  two  and  even  three  moles  of  sulfur  per  mole  of  pyrazoline  did  not  increase  the 
pyrazole  yield;  a  considerable  amount  of  the  starting  pyrazoline  was  recovered  in  this  case  also. 

Found  <7o:  C  65.45,  65.23;  H  9.20,  9.25.  QHiqNz.  Calculated  C  65.48;  H  9.15. 

The  picrate  had  m.p.  238*  (from  alcohol)  [13]. 

Found  N  20.77,  20.56.  CgHioNz  *  CgHsOyNs.  Calculated  N  20.64. 

Dehydrogenation  of  the  pyrazoline  obtained  from  methyl  ethyl  ketone  azine  by  rearrangement  with  oxalic 
acid.  A  mixture  of  148  g  of  the  pyrazoline  (b.p.  89.5-92*  at  20  mm  and  n  D  1.4622;  see  also  (5,  14,  15])  and  34  g 
of  sulfur  was  boiled  under  reflux  for  20  hr.  Distillation  of  the  reaction  mixture  yielded  82  g  of  the  starting  pyrazoline 
and  42  g  of  a  fraction  with  b.p.  210-260*  (752  mm),  from  which  we  obtained  30  g  of  a  fraction  with  b.p.  116-125* 

(8  mm)  by  redistillation.  When  kept  in  a  refrigerator  for  3  days,  it  deposited  8  g  of  crystals,  which  were  recrystal¬ 
lized  from  octane  to  give  pure  3,4,5-trimethylpyrazole  (IV)  with  m.p.  137*.  Neither  the  pyrazole  itself  ncx  its 
picrate  (m.p.  238*)  depressed  the  melting  points  of  the  preparations  described  above.  The  filtrate  (22  g)  after  separ¬ 
ation  of  the  3,4,5-trimethylpyrazole  was  dissolved  in  alcohol  and  40  g  of  picric  acid  added.  The  precipitated  pic¬ 
rate  was  fractionally  crystallized  from  alcohol.  We  obtained  30  g  of  3,4,5-trimethylpyrazole  picrate  with  m.p,  238* 
and  12  g  of  the  picrate  of  the  base  (VIII)  with  a  constant  m.p.  177*. 

Found  C  44.38,  44.33;  H  4.63,  4.64.  C7H12N2  *  C6H3O7N3.  Calculated  7o:  C  44.21;  H  4.28. 

3.5- Diethyl-5-methylpyrazoline  (V).  To  34  g  of  96^0  hydrazine  hydrate  was  added  86  g  of  3-methylhepten- 
3- one- 5  [4]  over  a  period  of  30  min  and  the  mixture  heated  on  a  water  bath  for  2  hr.  To  the  cooled  reaction  mix¬ 
ture  was  added  200  ml  of  25%  sulfuric  acid,  the  oily  layer  separated,  and  the  hydrazine  sulfate  removed  by  filtra¬ 
tion.  The  acid  layer  was  made  alkaline  with  40%  sodium  hydroxide  solution  and  extracted  three  times  with  ether. 
The  ether  extract  was  dried  with  magnesium  sulfate,  the  ether  removed,  and  the  residue  distilled  twice  in  a  stream 
of  nitrogen.  We  obtained  46  g  (48%)  of  the  pyrazoline  (V). 

B.p.  190-192*  (751  mm),  n^^D  1.4600,  d2‘’4  0.8985,  MRp  42.72;  calc.  42.81. 

Found  %:  N  20.17,  20.07.  C8H16N2.  Calculated  %:  N  19.98. 

The  N-phenylcarbamide  derivative  had  m.p.  80*  (from  alcohol);  it  precipitated  in  poor  yield  after  the  reac¬ 
tion  mixture  had  been  kept  in  a  refrigerator  fcx  3  days  [5, 14,  15]. 

Dehydrogenation  of  3,5-diethyl-5-methylpyrazoline  (V).  A  mixture  of  35  g  of  the  pyrazoline  (V)  and  8  g  of 
sulfur  was  boiled  for  20  hr,  while  hydrogen  sulfide  was  evolved  weakly.  Distillation  of  the  reaction  mixture  yielded 
15  g  of  the  starting  pyrazoline  (V)  and  10  g  of  a  fraction  with  b.p.  105-170*  (8  mm).  It  was  not  possible  to  isolate 
a  narrower- boiling  fraction  b)  redistillation  with  a  good  fractionating  column.  Crystalline  picrates  and  hydrochlo¬ 
rides  could  not  be  obtained  from  this  fraction  either. 

3.4.5- Trimethyl-5-ethylpyrazoline  (IX).  To  a  boiling  mixture  of  200  ml  of  anhydrous  alcohol  and  80  g  of 
90%  hydrazine  hydrate  was  added  104  g  of  4-chloro-3,4-dimethylhexan-2-one  [3]  and  the  mixture  heated  for  2  hr. 
The  alcohol  was  distilled  from  the  cooled  reaction  mixture,  which  was  then  treated  as  described  above  for  3,5-di- 
ethyl-5-methylpyrazoline.  We  obtained  55  g(61.1%)  of  the  pyrazoline  (IX).  We  were  unable  to  obtain  a  crystal¬ 
line  N-phenylcarbamide  derivative,  picrate,  or  oxalate. 

B.p.  80-81*  (8  mm),  90-91*  (20  mm),  n^^D  1.4635,  d^°4  0.9054,  MR^  42.84;  calc.  42.81. 

Found  %;  N  20.14,  20.03.  C8H16N2.  Calculated  %;  N  19.98. 

Dehydrogenation  of  3,4,5-trimethyl-5-ethylpyrazoline  (IX).  A  mixture  of  40  g  of  pyrazoline  (IX)  and  10  g 
of  sulfur  was  boiled  for  10  hr.  Two  distillations  yielded  16  g  of  a  fraction  with  b.p.  126- 129^*  (18  mm);  by  cooling 
it  we  isolated  10.2  g(29%)  of  3,4,5-trimethylpyrazole  with  m.p.  137*  (from  octane);  the  picrate  had  m.p.  238* 
(from  alcohol);  mixed  melting  points  with  the  preparations  described  above  were  not  depressed. 
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The  filtrate  was  dissolved  in  water  and  the  slight  water- insoluble  oily  layer  separated.  The  aqueous  solution 
was  made  alkaline  with  a  20°7o  solution  of  sodium  hydroxide  and  extracted  with  ether.  The  ether  extract  was  dried 
with  magnesium  sulfate.  The  ether  removed  and  the  residue  vacuum  distilled.  We  obtained  4  g  (lO^/o)  of  a  fraction 
consisting  of  compound  (VIII)  with  b.p.  114-115*  (8  mm),  n*®D  1.4770,  d*®4  0.9481.  The  substance  was  readily  solu¬ 
ble  in  water  and  most  organic  solvents.  It  was  a  base  of  medium  strength.  It  was  salted  out  of  aqueous  solutions  by 
alkalis.  It  contained  a  labile  hydrogen  atom  (according  to  die  Chugaev- Tserevitinov  method)  and  gave  a  picrate 
and  iodomethylate,  whose  analyses  confirmed  the  composition  of  die  base.  It  was  acetylated  by  acetic  anhydride. 

Found  %:  C  67.22,  67.06;  H  10.31,  10,06.  M  141,  137,  134  (cryoscopically  in  benzene).  C7H12N2.  Calcu¬ 
lated  %:  C  67.68;  H  9.76.  M  124. 

The  picrate  had  m.p.  177*  (from  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  described  above. 

Found <7o:  N  19.87,  19.58.  •  CgHsOjN,.  Calculated  N  19.83. 

The  iodomethylate  was  obtained  by  the  action  of  excess  methyl  iodide  in  the  cold  and  had  m.p.  174* (from 
dichloroe  thane). 

Found'Yo:  N  10.89,  10.62.  CyHizNj  •  CH3I.  Calculated 7^-:  N  10.53. 

3,4-Dimethyl-5-ethylpyrazole.  To  a  boiling  mixture  of  30  ml  of  90%  hydrazine  hydrate  and  30  ml  of  ethanol 
was  slowly  added  14  g  of  3-methylhexanedione-2,4  dropwise.  The  reaction  mixture  was  boiled  for  3  hr  and  then 
vacuum  distilled.  Two  distillations  yielded  4.6  g  (3^o)  of  3,4-dimethyl-5-ethylpyrazole. 

B.p.  134*  (13  mm),  n^D  1.4910,  d*®^  0.9707,  MRp  37.02;  calc.  37.73. 

Found  7o:  N  21.82,  21.90;  C  67.79,  67.81;  H  9.69,  9.75.  CyHijNj.  Calculated  %;  N  22.50,  C  67.68;  H  9.75. 

The  picrate  had  m.p.  155-157*  (from  benzene).  It  depressed  the  melting  point  of  the  picrate  of  compound 
(VIII),  which  was  described  above  and  had  m.p.  177*. 

Found  %:  N  19.62,  19.58.  C7H12N2  •  CgH507N3.  Calculated  %:  N  19.83. 

Literature  data;  b.p.  130-131*  (15  mm),  n*®D  1.4928.  Picrate;  m.p.  191-201"  (from  benzene)  [9]. 

Dehydrogenation  of  3,4-tetramethylene-5,5-pentamethylenepyrazoline  (XIII).  A  mixture  of  80  g  of  the 
pyrazoline  (XIII)  [16]  and  14  g  of  sulfur  was  heated  in  a  Claisen  flask  until  the  evolution  of  hydrogen  sulfide  ceased. 
Vacuum  distillation  of  the  reaction  mixture  yielded  4.7  g  (10.2%)  of  a  fraction  with  b.p.  107-113*  (17  mm),  which, 
after  purification,  was  found  to  be  l,l-pentamethylene-2,3-tetiamethylenecyclopropane  that  have  described  pre¬ 
viously  [16],  and  48  g  (60%)  of  the  main  fraction  of  (XIV)  with  b.p.  192-195*  (16  mm).  After  redistillation,  the 
fraction  had  b.p.  203-205*  (22  mm),  n^®D  1.5287,  d^®4  1.1055. 

It  was  a  thick,  yellowish  oil,  which  was  insoluble  in  water  and  sparingly  soluble  in  ligroin;  it  dissolved  readily 
in  all  other  solvents.  It  was  a  weak  base  whose  salts  with  inorganic  acids  were  sparingly  soluble  in  water,  but  dis¬ 
solved  readily  in  nonpolar  solvents  (benzene  and  ether).  Thus,  the  chloride,  bromide,  and  sulfate  were  extracted 
from  an  acid  aqueous  layer  by  benzene.  The  substance  contained  one  labile  hydrogen  atom  (accwding  to  the 
Chugaev— Tserevitinov  method).  It  was  not  reduced  by  sodium  in  butanol,  hydriodic  acid  in  the  presence  of  skeletal 
nickel  at  200*  and  200  atm.  It  was  not  dehydrogenated  when  heated  with  palladium  or  charcoal  at  200-230*.  When 
oxidized  by  weak  oxidants  such  as  peracetic  and  performic  acids,  the  substance  was  recovered  unchanged,  while  the 
action  of  strong  oxidants  (potassium  permanganate  in  all  media  and  potassium  bichromate  in  an  acid  medium)  led 
to  tarry  products,  from  which  it  was  impossible  to  isolate  individual  substances. 

Found  %;  C  75.68,  75.59;  H  10.24,  10.29;  N  14.79,  14.68.  M  207,  210,  211  (cryoscopically  in  benzene). 

Calculated  %:  C  75.74,  H  9.54;  N  14.72.  M  190. 

The  picrate  had  m.p.  136-137*  (from  alcohol). 

Found  %:  N  16.62,  16.63.  CizHjgNz  •  CgHgOyNg.  Calculated  %;  N  16.69. 

The  picrolonate  had  m.p.  177-179*  (from  50%  alcohol). 

Acetyl  derivative. 

B.p.  180-181*  (70  mm),  n*®D  1.5171;  d*®4  1.0451,  MR^  65.66;  calc.  65.36. 

Found  <%:  C  72.28,  72.15;  H  9.22,  9.09;  N  12.33,  12.48.  C,4H2oON2.  Calculated  %:  C  72.38;  H  8.68;  N  12.07. 


Chloride.  A  mixture  of  20  ml  of  concentrated  hydrochloric  acid  and  5  g  of  the  base  (XIV)  was  heated;  on 
cooling,  the  mixture  was  extracted  with  benzene.  The  benzene  extract  was  separated,  the  benzene  removed,  and 
the  residue  recrystallized  from  octane.  The  m.p.  was  103*. 

Found  <yo;  N  12.40,  12.38.  CuHi8N2  •  HCl.  Calculated  <7o:  N  12.35. 

3-Cyclopentyl-4,5,6,7-tetrahydroindazole  (XVI).  A  23  g  sample  of  cyclopentanecarbonyl  chloride  [17]  was 
added  slowly  with  stirring  to  a  mixture  of  50  g  of  cyclohexene  and  15  g  of  stannic  chloride.  After  the  reaction  mix¬ 
ture  had  been  kept  in  an  ice  bath  for  2  hr,  it  was  shaken  with  200  ml  of  doubly  dilute  hydrochloric  acid.  The  oil 
liberated  was  extracted  with  benzene  and  washed  first  with  sodium  carbonate  solution  and  then  with  water.  The  ben¬ 
zene  solution  was  dried  with  magnesium  sulfate.  After  removal  of  the  benzene,  the  residue  was  vacuum  distilled. 

We  obtained  20  g(64^o)  of  crude  2-chlorocyclohexyl  cyclopentyl  ketone  with  b.p.  145-147*  (16  mm),  which  did  not 
give  a  semicarbazone.  For  characterization,  the  chloro  ketone  was  converted  to  an  unsaturated  ketone  by  heating 
with  dimethylaniline.  From  4  g  of  the  chloro  ketone  we  obtained  3.0  g  of  cyclohexenyl-2  cyclopentyl  ketone. 

B.p.  150-153*  (28  mm),  n*®D  1.5082,  d*®4  1.0210,  MRp  52.06;  calc.  52.75. 

The  2,4-dinitrophenylhydrazone  had  m.p.  122*  (from  alcohol). 

Found  N  15.82,  15.49.  C,8Hj204N4.  Calculated  N  15.63. 

The  chloro  ketone  was  cyclized  with  hydrazine  without  further  purification.  A  mixture  of  15  g  of  the  chloro 
ketone,  50  ml  of  butanol,  and  10  ml  of  hydrazine  hydrate  was  heated  for  3  hr.  Distillation  of  the  reaction  mixture 
gave  a  55<7o  yield  of  3-cyclopentyl-4,5-tetramethylpyrazollne  with  b.p.  162-165*  (16  mm),  n*®D  1.5175. 

The  picrolonate  had  m.p.  180*  (from  alcohol). 

Found  N  18.00,  17.95.  CijHjoNi  *  C,oHg05N4.  Calculated*^:  N  18.41. 

A  4  g  sample  of  die  pyrazoline  obtained  was  heated  with  0.62  g  of  sulfur  until  the  evolution  of  hydrogen  sul¬ 
fide  ceased.  Distillation  in  vacuum  yielded  2  g(50'7'’)  of  the  pyrazole  (XVI)  with  b.p,  190-216  (22  mm)  as  a  thick 
oil. 


The  picrate  had  m.p.  168*  (from  alcohol). 

Found  *70:  N  16.30,  16.21.  CijHigNj  •  CjHjO^N,.  Calculated  %:  N  16.69. 

Dehydrogenation  of  5,5-diphenylpyrazoline.  A  mixture  of  10  g  of  5,5-diphenylpyrazoline  [18]  and  2  g  of 
sulfur  was  heated  on  a  sand  bath;  at  150-160*  there  began  a  vigorous  evolution  of  nitrogen  and  then  hydrogen  sulfide. 
Vacuum  distillation  of  the  reaction  mixture  yielded  only  4  g  (50*70)  of  1,1-diphenylcyclopropane  with  b.p.  132-134* 
(10  mm),  n*®D  1.5855,  d*®4  1.0293  [18]. 


SUMMARY 

1.  It  was  shown  that  in  the  dehydrogenation  of  3,5,5-trimethylpyrazoline  with  sulfur  there  is  migration  of 
one  of  the  methyl  groups  from  position  5  to  position  4  of  the  nucleus  to  form  3,4,5- trimethylpyrazole. 

2.  3,4,5-Trimethyl-5-ethylpyrazoline  undergoes  dehydrogenatioh  with  the  elimination  of  the  ethyl  group  at 
position  5  of  the  nucleus  and  the  formation  of  3, 4 ,5- trimethylpyrazole.  A  substance  of  undetermined  structure  with 
the  composition  C7HJ2N2  was  found  in  the  dehydrogenation  products. 

3.  Dehydrogenation  of  3,4-tetramethylene-5,5-pentamethylenepyrazoline  with  sulfur  gave  a  good  yield  of  a 
compound  with  the  empirical  composition  C^HjgNg,  whose  structure  also  remains  unknown. 
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REACTIONS  OF  ARY  LDIC  H  LOROPHOS  PHINES 
WITH  CYCLIC  OXIDES 

I.  REACTION  OF  PHENYLDICHLOROPHOSPHINE  WITH  ETHYLENE  OXIDE 
E.  L.  Gefier 

Plastics  Scientific  Research  Institute,  Moscow 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 
pp.  949-952,  March,  1961 
Original  article  submitted  April  5,  1960 


Of  the  many  phosphorus  acid  esters  containing  a  phosphorus  to  carbon  bond,  the  esters  of  alky l-( alkenyl-  or 
aryl-)  phosphonous  acids  (i.e.,  substances  with  a  single  phosphorus  to  carbon  bond  In  the  molecule)  are  well  known 
[1,  21.  The  corresponding  esters  with  two  phosphorus  to  carbon  bonds  are  less  readily  accessible  and  have  been 
studied  less  well.  Usually  such  esters  are  obtained  by  reactions  between  disubstituted  phosphonous  acid  chlorides 
and  alcohols,  or  by  the  Arbuzov  rearrangement  of  alkyl-(or  aryl-)  phosphonous  acid  esters  [1].  Recently  M.  I. 
Kabachnik  and  P.  A.  Rossiiskaya  have  shown  that  one  can  easily  obtain  the  6-chloroethyl  esters  of  phosphorous  and 
phosphonous  acids  by  the  reaction  between  ethylene  oxide  and  phosphorous  or  phosphonous  acid  chlorides.  The  B- 
chloroethyl  esters  are  capable  of  undergoing  the  Arbuzov  rearrangement  on  heating,  without  the  addition  of  halo¬ 
gen  containing  compounds  [3]. 


We  used  this  satisfactory  method  to  synthesize  previously  unknown  derivatives  of  several  alkyl-  and  alkenyl- 
aryl  phosphinic  acids.  The  simple  method  for  preparing  phenyldichlorophosphine  [4]  worked  out  earlier  has  been 
extended  to  other  compounds  of  this  type,  and  we  have  studied  the  interaction  of  some  aryldichlorophosphineswith 
cyclic  oxides. 


On  reacting  phenyldichlorophosphine  with  ethylene  oxide*  one  expects  to  obtain  bis-(B-chloroethyl)- phenyl* 
phosphonite. 


CGH5PCI2  +  2GH2-GH2 

V 


GcH5P(OGH2GH2G1)2 


Since,  according  to  A.  E.  Arbuzov,  the  esters  of  phosphonous  acids  isomerize  far  more  readily  than  the  esters 
of  phosphorous  acid  [6,  7]  it  seemed  possible  to  isomerize  the  unstable  bIs-(6-chloroethyl)-phenylphosphonite  (on 
account  of  the  heat  of  reaction)  in  an  analogous  way  to  the  thermal  isomerization  of  B -halogenoethyl  esters  of  phos¬ 
phorous  acid  reported  by  Kabachnik  and  Rossiiskaya  [3]. 

Preliminary  experiments  showed  that  the  reaction  between  ethylene  oxide  and  phenyldichlorophosphine  pro¬ 
ceeded  extremely  energetically.  In  order  to  prevent  decomposition  during  the  reaction  and  the  hydrolysis  of  the  re¬ 
action  mixture,  the  process  was  typically  carried  out  in  an  inert  solvent  (usually  benzene).  According  to  the  ana¬ 
lytical  data,  the  substance  obtained  was  the  product  of  addition  of  two  molecules  of  ethylene  oxide  to  phenyldichlo¬ 
rophosphine- bis-(B-chloroethyl)-phenylphosphonite  (I).  Its  reactions  with  copper  (I)  chloride  and  sulfur  showed  that 
this  compound  contained  trivalent  phosphorus.  The  experimental  and  calculated  molecular  refractivities  agreed 
well.  Vacuum  distillation  of  a  small  quantity  gave  the  perfectly  pure  substance  which  boiled  over  a  small  tempera¬ 
ture  range.  When  a  larger  quantity  of  I  was  distilled  at  2-3  mm  a  considerable  quantity  of  it  Isomerized  into  B- 
chloroethyl  phenyl-(6-chloroethyl-)-phosphinate  because  of  the  prolonged  heating.  The  compound  (I)  readily  added 
oxygen  and  sulphur  being  converted  to  bis-(B-chloroethyl)-phenylphosphonate  (II)  and  bis-(8-chloroethyl-phenyl- 
thiophosphonate  (III). 


•When  the  experimental  part  of  this  work  was  practically  complete  G.  Kamai  and  V.  S.  Tslvuni  [5]  published  ana 
ogous  results  in  the  aliphatic  series—  the  reaction  between  ethyldichlorophosphine  and  ethylene  oxide. 
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The  structure  of  the  ester  of  phenylphosphonic  acid  was  confirmed  by  preparing  it  by  the  conversion  of  phenyl- 
dichlorophosphine  into  phenylphosphonic  acid  chloride,  and  addition  of  ethylene  oxide  to  the  latter. 


The  thermal  isomerization  of  I  at  160-200*,  which  is  considerably  exothermic,  led  to  6-chloroethyl  phenyl- 
(6-chloroethyl)-phosphinate  (IV).  To  eliminate  the  danger  resulting  from  heat  generation  the  isomerization  was 
carried  out  in  decalln  (we  used  the  principle  of  the  safe  isomerization  of  tris-< 6-chloroethyl)  phosphite  in  inert  sol¬ 
vents  [8]).  Such  isomerizations,  which  are  analogous  to  the  isomerization  of  tris-( 6-chloroethyl)  phosphite,  were 
studied  by  M.  I.  Kabachnlk  and  P.  A.  Rossllskaya  [3]. 


/OCHjCHaCl 

C.H.P<o 

C\C\\.i-CA\/ 


Cnlis^ 

Cl— P-OClIaClljCI  — ► 


C«H5 


o 


CICII2CH2/  '"OCHaCllaCI 


Below  are  shown  diagramatically  the  conversions  and  preparations  of  this  substance 


C6H5PCI2  -I  2CH2-CH2 

ici.  \  / 

C.lljPCl,  ” 

jso, 


CeH5P(OCH2CIl2Cl)2 - ►  >Pf 

CICH2CH2/  ^OCHaCHjCl 


CoHjPOCla 


(IV) 


i/ 


\ 


2CH,-CH, 

\  / 

CeHsPOCla  — - - *•  G8H5PO(OCH2CH2Cl)2  C6H6PS(OCH2CH2CI)2 


(II) 


(III) 


As  a  consequence  of  the  easy  oxidizability  of  the  ester  (1)  it  follows  that  it  should  be  stored,  and  isomerized, 
etc.,  under  an  inert  gas.  In  contrary  conditions  more  or  less  of  the  impurity  (II)  is  always  present  in  isomerization 
products. 


EXPERIMENT  A  L  * 

Bis-(6-chIoroethyl)  phenylphosphonite  (I).  Into  a  liter  round  bottomed  flask  equipped  with  a  stirrer,  a  ther¬ 
mometer,  an  inlet  tube  for  ethylene  oxide,  and  a  reflux  condenser  widi  a  calcium  chloride  tube,  were  placed 200 g 
phenyldichlorqihosphine  and  1000  ml  dry  benzene.  The  air  in  the  system  was  displaced  by  carbon  dioxide,  and  the 
reaction  was  carried  out  in  an  atmosphere  of  this  gas.  Into  the  well  stirred  solution  of  phenyldlchlorophosphine  in 
benzene  ethylene  oxide  (295  g,  3-fold  excess)  was  passed.  The  ethylene  oxide  was  previously  purified  by  passing 
through  a  column  packed  with  solid  alkali.  The  reaction  was  strongly  exothermic;  the  temperature  of  the  reaction 
mixture  was  maintained  within  the  limits  65-70*.  At  the  end  of  the  reaction  the  benzene  and  residual  ethylene 
oxide  were  evaporated  from  the  mixture.  The  residue  weighed  280  g  (94‘5();  5  g  of  this  residue  was  distilled  in  vac¬ 
uum  to  obtain  4.2  g(847o)  of  bis-( 6-chloroethyl)  phenylphosphonite. 

B.p.  138-140“  at  3  mm,  n^"D  1.5420,  d*®4  1.2620,  MRp  66.74;  calc.  66.61. 

Found  P  11.41;  C  45.01;  H  4.91.  C10H13O2PCI2.  Calculated  %;  P  11.6;  C  44.96;  H  4.90. 

On  mixing  some  tenths  of  a  gram  of  this  substance  with  copper  (I)  chloride  the  temperature  of  the  mixture 
slowly  rose  to  28*,  whereas  on  mixing  with  sulphur  it  rose  almost  instantaneously  to  60*.  It  is  a  colorless  transparent 
liquid  with  an  objectionable  smell;  it  is  soluble  in  ethanol,  ether  and  benzene,  insoluble  in  water. 

Oxidation,  i  a)  2  g  of  substance  (I)  was  kept  in  an  atmosphere  of  dry  air  at  room  temperature  and  the  refrac¬ 
tive  index  of  the  liquid  measured  periodically  until  there  was  no  further  change.  In  two  weeks  the  refractive  index 


•  I.  A.  Rogacheva  took  part  in  the  experimental  work. 
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at  20*  decreased  from  1.5420  to  1.5240  (literature  data  [9]:  1.5235).  The  product  obtained  -bis- 

(0-chloroethyl)  phenylphosphonate  (II)— was  distilled  in  vacuum. 

B.p.  155-156*  (1  mm),  n^°D  1.5240,  d^®4  1.3249. 

Found  P  10.89.  CioHisOjPCl2.  Calculated  P  10.95. 

It  is  a  colorless  transparent  liquid  with  an  unpleasant  smell;  it  is  soluble  in  ethanol,  ether  and  benzene,  but 
insoluble  in  water. 

b)  By  passing  dry  air  through  (I)  at  90*  the  addition  of  oxygen  was  completed  in  12  hr.  The  product  obtained 
had  the  same  constants  as  in  (a). 

Bis-(B-chl(M:oethyl)  phenylphosphonate  (II).  Into  a  round  bottomed  flask  equipped  with  a  reflux  condenser 
with  a  calcium  chloride  tube,  a  thermometer,  and  an  inlet  tube  fcx  ethylene  oxide,  were  placed  4.9  g  phenylphos- 
phonyl  chloride  and  0.1  g  of  aluminium  trichloride.  A  stream  of  dry  ethylene  oxide  was  passed  slowly  through  the 
mixture  until  the  exothermic  reaction  ceased.  The  temperature  was  maintained  at  40-50*  by  external  cooling.  At 
the  end  of  the  reaction  the  mixture  became  viscous;  30  ml  of  dry  benzene  was  added  and  the  mixture  was  shaken 
with  cold  water.  The  aluminium  hydroxide  formed  was  removed,  the  solvent  removed  from  the  benzene  layer,  and 
the  residue  distilled  in  vacuum. 

B.p.  153*  (1  mm),  n^®D  1.5236,  1.3244. 

Bis-(B-chloroethyl)  phenylthiophosphonate  (III).  To  a  solution  of  3.2  g  of  the  ester  (1)  in  20  ml  of  dry  benzene 
0.4  g  of  powdered  sulphur  was  added.  The  temperature  rose  to  4*.  The  mixture  was  heated  at  100*  for  1.5  hr;  it  be¬ 
came  cherry-red  in  color.  The  benzene  was  evaporated  and  the  residue  distilled  in  vacuum  to  give  a  yield  of  2.6  g 
of  a  clear  yellow  liquid  which  progressively  changed  into  a  semiliquid  mass  at  room  temperature. 

B.p.  158-160*  (1  mm),  n^®D  1.5629. 

Found  7o;  P  10.40.  C10H13O2SPCI2.  Calculated  “70;  P  10.38. 

S-Chloroethyl  phenyl-(B-chlOToethyl-)-phosphinate  (IV).  a)  3  g  of  the  pure  ester  (I)  were  heated  in  an  oil 
bath  to  170*  in  an  atmosphere  of  dry  carbon  dioxide  for  1  hr.  At  an  oil  bath  temperature  of  150®  the  temperature  of 
the  liquid  rose  sharply  to  157*  at  which  temperature  the  liquid  boiled  easily.  The  temperature  then  fell  somewhat 
and  on  further  heating  (up  to  a  bath  temperature  of  170®  in  1  hr)  it  did  not  exceed  the  bath  temperature.  We  did  not 
succeed  in  distilling  the  yellow  liquid  obtained  without  decomposition.  Therefore  it  was  kept  at  100-110®  at  2  mm 
for  about  1  hr  and  submitted  for  analysis  in  the  undistilled  state. 

B,p.  165-170*  at  2  mm  (decomp.).  n^®D  1.5442. 

Found ‘7o:  P  11.9.  C10H13O2PCI2.  Calculated  ^o:  P  11.6. 

b)  A  mixture  of  200  g  of  the  ester  (I)  and  400  ml  of  decalin  were  mixed  and  heated  at  180-200*  for  5  hr  in 
an  atmosphere  of  carbon  dioxide.  The  decalin  was  evaporated  in  vacuum.  The  constants  and  composition  of  the 
residue  were  the  same. 

It  is  a  thick  yellow  liquid,  soluble  in  ethanol,  ether  and  benzene,  and  insoluble  in  water. 

SUMMARY 

The  reaction  of  ethylene  oxide  with  phenyldichlorophosphine  has  been  studied  and  also  some  reactions  of  the 
product  obtained. 
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In  the  preceding  paper  is  described  the  preparation  of  bis-(6-chloroethyl)  phenylphosphonite  (I)  and  its  thermal 
isomerization  to  6-chlotoethyl  phenyl-(6-chloroethyl-)  phosphinate  (II)  [1].  Continuing  this  investigation  weshowed 
that  the  ester  link  in  (II)  was  cleared  easily  by  phosphorus  pentachloride  to  give  phenyl-(6-chloroethyl)-phosphinic 
chloride  (III).  If  bis-(0-chloroethyl)  phenylphosphonite  was  isomerized  either  in  an  inert  gas  with  air  as  impurity 
or  simply  in  air,  then  the  isomerization  product  obtained  had  a  wide  boiling  range  and  it  was  very  difficult  to  obtain 
pure  (HI)  from  it.  A  very  simple  and  effective  method  of  separating  the  pure  acid  chloride  (III)  was  to  treat  the  crude 
acid  chloride  with  dry  hydrogen  chloride  with  subsequent  vacuum  distillation. 

The  formation  of  the  impurity  in  (III)  is  explained  by  the  simultaneous  occurrence  of  isomerization  and  oxi¬ 
dation  of  bis-(6-chloroethyl)  phenylphosphonite.  The  products  from  these  two  reactions  formed  a  particularly  dif¬ 
ficult  to  separate  mixture  of  acid  chlorides. 


Cellj-P 


^OCHaCHjCl 

'^OCHaCllsCI 

(1) 


/OCH2CH2CI 

II  \ocn.,CH2Ci 

o 


(11) 


Oxidation  product 
i  rci. 


Product  of  isomerization 

jpci. 


II  ^C1 
O 

(IV) 


OCH2CII2CI 


C1CH2C1I2‘ 


C«H5\  /P 

ppe 


\ci 


(Ill) 


Cr.H 


Difficult  to  separate  mixture  of  acid  chlorides 
I  HCI  J  HCI 


OH 


& 


'Cl 

rv) 

Not  distilled 


Cr.Hov  pxO 

ClCIl2CH2"^  \ 


Cl 


Distilled 


CICH2CIL/  \OR  ClClL.CMa'^  ^OH 
(VII)  (VI) 
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Esters  of  Phenyl-(8-chloroethyl-)phosphinic  Acid 


No. 

Ester 

Boiling  point 
(pressure  in  mm) 

rf,*® 

Yield 

(%) 

•/. 

found 

P 

calc. 

1 

Methyl 

140-142°  (2) 

1..5355 

1.2201 

72.2 

14.02 

14.17 

2 

Ethyl 

130(1) 

1.5239 

t.l8d6 

70.5 

13.02 

13.3 

3 

Prcmyl 

148-150(1.5-2) 

1.5180 

1.1680 

43.2 

12.4 

12.56 

4 

n- Butyl 

1.54-156  (2) 

1.5128 

1.1200 

69.5 

11.8 

11.88 

5 

Allyl 

142(1, 

1.5336 

1.1895 

75 

12.53 

12.66 

6 

Phenyl 

185-1 88  (2.5) 

1.5711 

• 

M.5 

10.9 

11.04 

•  The  specific  gravity  was  not  determined  because  of  its  considerable  viscosity. 

The  method  of  purifying  (III)  is  based  on  the  fact  that  dry  hydrogen  chloride  cleaves  C-O— P  bonds  relatively 
easily  at  100-160*  whereas  it  has  practically  no  effect  on  C—  P  bonds.  This  (III)  remains  unchanged,  whereas  the 
8-chlc»oethyl  phenylphosphinic  chloride  (IV)  mixed  with  it  is  converted  into  phenylphosphonochloridic  acid  (V)  which 
does  not  distil  in  vacuum.  From  the  mixture  of  (II)  and  (V)  obtained  completely  pure  (III)  distilled  out.  Phenyl-(8- 
chloroethyl-)phosphinic  acid  (VI)  was  obtained  by  treating  it  with  water,  while  by  treating  III  with  alcohols  the  esters 
of  phenyl-(8-chloroethyl-)phosphinic  acid  (VII)  were  easily  prepared  (Table). 

EXPERIMENTAL* 

8-Chloroethyl  phenyl-(8-chloroethyl-)phosphinate  (II).  The  ester  (II)  was  prepared  [1]  by  a  5  hr  isomeriza¬ 
tion  of  bis-(8-chloroethyl)phenylphosphonite  in  decalin  at  180-200*  in  an  atmosphere  of  carbon  dioxide. 

Phenyl-(8-chloroethyl-)phosphinic  chloride  (111),  a)  100  g  of  the  ester  (II)  was  added  dropwise  from  a  tap 
funnel  to  80  g  phosphorus  pentachloride.  The  system  was  free  from  moist  air.  V/hen  the  exothermic  reaction  ceased 
the  mixture  was  heated  to  120*  for  1.5  hr,  and  the  dichloroethane  and  phosphonyl  chloride  produced  were  then  evap¬ 
orated  off.  The  residue  was  distilled  in  vacuum  to  give  67  g  of  the  crude  acid  chloride,  b.p.  135-160*  at  2  mm.  The 
crude  acid  chloride  was  heated  to  150*  and  dry  hydrogen  chloride  passed  through  it  for  30  min.  The  yellow  liquid 
obtained  was  distilled  in  vacuum  in  a  stream  of  dry  air.  Yield  62  g(74.5^o). 

B.p.  150-153*  at  2  mm,  n^®D  1.5642,  d*®^  1.3409. 

Found ‘7o;  P  13.8;  "acid  chloride"  chloride  [2]  16.08.  CgH90PCl2.  Calculated  P  13,9;  "acid  chloride" 
chloride  15.9. 

The  clear  colorless  liquid  was  soluble  in  ether  and  benzene;  it  was  hydrolyzed  by  water  and  reacted  with  alco¬ 
hols  exothermally. 

b)  The  isomerization  of  bis-(8-chloroethyl)phenylphosphonite  was  carried  out  in  air,  and  the  isomerization 
products  worked  up  as  described  in  (a).  Yield  61%. 

Phenyl-(6-chloroethyl-)phosphinic  acid  (VI).  2  g  of  III  was  poured  into  water.  Crystals  of  (VI)  began  to  pre¬ 
cipitate  rapidly.  The  solution  was  evaporated  on  a  water  bath  and  water  added  periodically  until  formation  of  hydro¬ 
chloric  acid  ceased  completely.  The  residue  crystallized  completely. 

M  .p.  76-77*.  Found  equiv.  276.  CgHjoOjPCl.  Calculated  equiv.  272. 

The  white  crystalline  substance  dissolved  in  ethanol,  but  only  poorly  in  water. 

Esters  of  phenyl-(8-chloroetfiyl-)phosphinic  acid  (VII).  Methyl  ester,  10  g  of  (III)  was  poured,  with  stirring 
and  external  stirring,  into  50  ml  of  dry  methanol.  The  temperature  of  reaction  was  maintained  at  20-30*.  On  the 
following  day  hydrogen  chloride  and  excess  methanol  were  evaporated  in  vacuum,  and  the  residue  was  distilled  at 
2  mm.  Yield  7.1  g(72.2%). 


•  I.  A.  Rogacheva  and  L.  S.  Ludentsova  took  part  in  the  experimental  work. 
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In  a  similar  way  the  ethyl,  propyl,  and  n-butyl  esters  were  prepared  (see  Table), 

Allyl  ester  33.5  g  of  (III)  was  added  stepwise  to  a  mixture  of  9  g  of  allyl  alcohol,  12.2  g  of  pyridine  and  75  ml 
of  benzene.  The  system  was  stined  and  protected  from  ingress  of  moist  air.  The  reaction  temperature  was  main¬ 
tained  at  0-2*  by  external  cooling.  After  completion  of  the  reaction  the  mixture  was  heated  to  30-35*  for  30  min. 
The  precipitated  pyridine  hydrochloride  was  filtered  off,  benzene  evaporated  from  the  filtrate,  and  the  residue  dis¬ 
tilled  In  vacuum.  Yield  8.2  g(797o). 

Phenyl  ester.  A  mixture  of  4.46g  (III)  and  2.7  g  phenol  was  heated  to  160*  for  3  hr  until  separation  of  hydro¬ 
gen  chloride  ceased.  The  residual  phenol  was  distilled  off  and  the  residue  distilled  in  vacuum.  Yield  2.5  g(54.97o). 

All  the  esters  of  phenyl-(B-chloroethyl-)phosphinic  acid  are  colorless,  transparent  liquids,  soluble  in  alcohol 
ether,  benzene  and  toluene,  but  insoluble  in  water. 

SUMMARY 

By  a  method  described  earlier  the  previously  unknown  acid  chlcaride  and  esters  of  phenyl-(6-chloroetfiyl-) 
phosphinic  acid  were  prepared. 
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Unsaturated  esters  of  phosphorus  esters  are  prospective  monomers  for  the  preparation  of  high-molecular  com¬ 
pounds  of  various  types,  possessing  heat  stability  [1].  In  particular,  the  esters  of  vinylphosphonic  acids  (first  obtained 
by  M.  I.  Kabachnik)  are  very  interesting  since  they  can  form  polymers  and  co- polymers  with  a  linear  structure  [2], 
Of  the  esters  of  phosphinic  acids  (substances  with  twoC— P  bonds  in  the  molecule)  with  unsubstituted  vinyl  groups  at¬ 
tached  to  phosphorus  only  the  esters  of  ethylvinylphosphinic  acid  are  known.  These  were  synthesized  by  G.  Kamai 
and  V.  S.  Tsivunin  [3].  The  esters  of  arylvinylphosphinic  acid  were  unknown. 

We  have  prepared  some  esters  of  phenylvinylphosphinic  acid  starting  from  esters  of  phenyl- 0-chloroethy Iphos- 
phinic  acid  (I)  which  were  described  earlier  [4,  5]  and  also  from  phenylvinylphosphinic  chloride  (see  below).  The 
ester  (I)  easily  lost  hydrogen  chloride  on  treatment  with  an  equimolar  quantity  of  alcoholic  alkali  or  triethylamine. 
It  was  thus  converted  into  the  corresponding  ester  of  phenylvinylphosphinic  acid.  The  data  for  the  esters  are  given 
in  the  table. 

The  0-chloroethyl  ester  (No.  3)  was  only  obtained  by  using  triethylamine  (we  have  previously  shown  the  inex¬ 
pediency  of  using  alcoholic  alkali  to  dehydrochlorinate  esters  of  phosphinic  acids  containing  6 -chloroethyl  groups 
in  either  the  acid  or  alcoholic  part  of  of  the  molecule  [6]), 

On  treating  esters  of  phenylvinylphosphinic  acid  with  phosphorus  pentachloride  the  ester  bond  is  easily  cleared 
to  give  phenylvinylphosphinic  chloride  (III). 


C«H5.  ,0 

>P;f  +  PCI5 
CIl2=CIK  \OR 


cn2=ciK  \ci 

(III) 


}-  POCIa-f  11  Cl 


The  substance  III  was  also  obtained  by  treating  phenyl-( 6 -chloroethyl- )phosphinic  acid  with  triethylamine 
(by  analogy  with  the  preparation  of  vinylphosphonothlonic  acid  [7]).  It  is  interesting  to  note  that  the  chlorine  in 
(III)  is  more  labile  than  the  chlorine  in  phenyl-(0-chloroethyl-)phosphinic  chloride  [5]  and  it  hydrolyzed  rapidly  on 
standing  in  ait.  The  hydrolysis  of  (III)  led  to  phenylvinylphosphinic  acid  (IV)  and  treatment  of  (III)  with  alcohols 
led  to  the  corresponding  esters  of  this  acid.  Thus  it  has  been  shown  that  esters  (II)  can  be  obtained  by  two  routes; 
from  esters  of  phenyl-( 8- chloroethyl- )phosphinic  acid  and  from  phenylvinylphosphinic  chloride. 

The  interconversions  studied  are  shown  in  the  following  diagram; 


N(C.I1,),^  H»o 

ClCHoCH,^  ^C1  ^  Cn2=CIK  '^Cl 

(V)  (III) 

roh||pci, 

KOH  or  N(C,H.)5 

CICH2CH2/  ^OR  Cll2=CH^  ^OR 

(I)  (11) 


Cll2=CH 


o 

OH 


(IV) 
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Esters  of  Phenylvinylphosphinic  Acid 


C.H.\  ,o 
CH,=CH"^  ^OR 


No. 

Esters 

B.p.  (1  mm 
pressure) 

Yield. 

(%) 

•/o 

P 

found 

calc. 

1 

Methyl 

93—950 

1.5336 

1.1880 

56 

16.8 

17.01 

2 

Ethyl 

116-118 

1.5249 

1.11.50 

82 

15.6 

15.79' 

3 

6  -Chloroethyl" 

123-125 

1..5395 

1.2392 

61 

13.2 

13.43 

4 

Propyl 

118-120 

1  5170 

1.1120 

86 

14.6 

14.74 

5 

n- Butyl"  " 

120—122 

1  .5119 

1.0899 

73 

13.65 

13.81 

6 

Allyl 

118—120 

1.5278 

1.1295 

70.5 

14.69 

14.86 

7 

Phenyl 

130-133 

1.5391 

1.1025 

69 

12.59 

12.66 

•  Found  <yo;  Cl  15.51.  Calculated  <70;  Cl  15.37. 

•  •Found%:  C  63.86;  H  7.56.  Calculated  ^o:  C  64.3;  H  7.6. 

EXPERIMENTAL 

Ester  of  phenyl-(6-chloroethyl)phosphinic  acid  (I)  were  obtained  by  the  method  described  previously  [5]. 

Esters  of  phenylvinylphosphinic  acid  (II).  Ethyl  ester  7  g  of  ethyl  phenyl-(B-chIoroethyI-)phosphinate  was 
mixed  with  a  solution  of  1.7  g  KOH  in  20  g  of  absolute  ethanol.  The  mixture  grew  warm  and  a  precipitate  of  po¬ 
tassium  chloride  appeared  almost  instantaneously.  The  mixture  was  heated  to  40*  for  30  min,  the  precipitate  fil¬ 
tered  off,  and  washed  with  ethanol.  The  ethanol  was  evaporated  from  the  filtrate  and  the  residue  distilled  in  vac¬ 
uum.  Ethyl  phenylvinylphosphinate  [4.85  g  (827o)] 

Use  of  triethylamine  in  place  of  alcoholic  alkali  (boiled  for  1  hr  in  benzene  solution,  the  precipitated  tri- 
ethylamine  hydrochloride  filtered  off,  solvent  evaporated  form  tfie  filtrate,  and  the  residue  distilled  in  vacuum) 
gave  the  same  ester  in  somewhat  smaller  yields. 

The  remaining  esters  (II),  excluding  the  6-chloroethyl  one,  were  obtained  in  a  similar  manner  (see Table). 

6-Chloroethyl-)phosphinate.  A  mixture  of  13.5  g  non-distilled  6 -chloroe thy lphenyl-( 6-chloroethyl- )phos- 
phinate  [4],  5.5  g  triethylamine  and  20  ml  of  dry  benzene  was  slowly  heated  to  40",  kept  at  this  temperature  for 
3  hr  and  left  until  the  following  day.  The  precipitated  triethylamine  hydrochloride  was  filtered  off  and  washed 
with  benzene.  From  the  combined  filtrates  benzene  was  evaporated,  the  precipitate  filtered  off  again,  and  the  fil¬ 
trate  distilled  in  vacuum.  6 -Chloroethyl  phenylvinylphosphinate  was  obtained  in  61%  yield  (7  g)  (Table,  No.  3). 

All  the  esters  (II)  were  colorless  transparent  liquids  which  were  soluble  in  ethanol,  ether,  benzene  and  toluene, 
but  insoluble  in  water. 

Phenylvinylphosphinic  chloride  (HI),  (a)  4.5  g  of  phosphorus  pentachloride  was  added  to  4.6  g  of  6-chloro¬ 
ethyl  phenylvinylphosphinate.  The  mixture  as  heated  to  50"  and  almost  all  the  phosphorus  pentachloride  dissolved. 
The  liquid  was  heated  at  110"  for  30  min,  the  volatile  fraction  evaporated  off,  and  the  residue  distilled  in  vacuum. 
1.5  g(40%)  of  phenylvinylphosphinic  chloride  was  obtained. 

B.p.  110-112"  (1  mm);  n?®D  1.5610;  1.2861. 

Found  %;  P  16.82;  Cl  18.74.  CgHgOPCl.  Calculated  %;  P  16.60;  Cl  19.00. 

The  colorless  transparent  liquid  dissolved  in  ether,  benzene,  and  toluene.  It  reacted  exothermally  with  al¬ 
cohols.  In  air  it  rapidly  became  turbid  and  crystals  of  the  acid  (see  below)  were  formed  on  its  surface. 

b)  Triethylamine  (2.02  g)  was  added  to  a  stined  solution  of  4.46  g  phe nyl-( 6 -chloroe thy l-)phosphinic  chlo¬ 
ride  in  20  ml  of  dry  benzene  which  was  maintained  at  0-2*  by  external  cooling  and  was  protected  from  the  ingress 
of  moist  air.  The  precipitate  of  triethylamine  hydrochloride  was  rapidly  filtered  off  and  washed  with  benzene. 
Solvent  was  evaporated  from  the  filtrate,  and  the  residue  was  distilled  in  vacuum.  1.6  g(43%)  of  a  substance  with 
the  same  constants  as  in  Expt.  (a)  was  obtained. 


Phenylvinylphosphinic  acid  (IV).  1  g  of  III  was  poured  into  water.  The  drops  of  acid  chloride  fell  to  the 
bottom  and  crystals  of  (IV)  were  formed  almost  instantaneously.  The  mixture  was  evaporated  on  a  water  bath  until 
all  water  and  hydrochloric  acid  had  gone  and  the  crystalline  residue  was  dried  in  a  desiccator  over  calcium  chloride. 
M.p.  89-90“. 

Found  equiv.  322.  CgHgOjP.  Calculated  equiv.  333. 

Ethyl  phenylvinylphosphinate  from  the  phosphinic  acid  chloride.  We  added  7.5  g  of  (III)  with  stirring  and 
external  cooling  to  a  mixture  of  1.9  g  of  absolute  ethanol,  3.2  g  of  pyridine  and  20  ml  of  benzene.  The  reaction 
temperature  was  0-4*.  The  precipitate  of  pyridine  hydrochloride  was  filtered  off,  benzene  evaporated  from  the  fil¬ 
trate,  and  the  residue  distilled  In  vacuum.  Ethyl  phenylvinylphosphinate  was  obtained  In  70^  yield  (5.5  g),  b.p.  120- 
122*  at  1-1.5  mm,  n*®D  1.5255;  d*®4  1.1143  ,  identical  in  its  constants  to  substance  No.  2  (Table). 

SUMMARY 

Methods  are  described  for  preparing  the  previously  unknown  phenylvinylphosphinic  acid,  its  acid  chloride  and 
Its  esters. 
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Primary  amines  of  the  furan  series  containing  amino- groups  in  the  main  chain  have  been  little  studied  despite 
the  fact  that  they  are  of  considerable  interest  in  their  own  right  and  as  intermediates  for  further  syntheses.  They  are 
usually  obtained  by  reduction  or  catalytic  hydrogenation  of  the  corresponding  furan  aldehydes  or  ketones.  Another 
synthetic  route  to  these  compounds  is  the  reductive  amination  of  saturated  or  unsaturated  furan  aldehydes  or  ketones 
in  the  presence  of  ammonia.  The  application  of  this  route  to  carbonyl  compounds  of  the  furan  series  has  been  little 
studied.  It  is  known  that  furfurylamine  was  obtained  in  yield  starting  from  furfural  and  ammonia  at  70*  with  a 
hydrogen  pressure  of  90  atm  ri"2]. 

Information  is  available  that  certain  saturated  furan  aldehydes  and  ketones  and  also  difurfurylideneacetone 
have  been  converted  to  the  corresponding  saturated  amines  [3,  4],  Zafiridis  and  Mastagli  published  a  short  paper  on 
the  preparation  of  the  amines  corresponding  to  furfural,  furfurylideneacetone,  furfurylidenemethyle  thy  Ike  tone,  fur- 
furylideneacetophenone,  and  difurfurylidenecyclohexanone  by  hydrogenation  in  methanol  saturated  with  ammonia 
in  the  presence  of  Raney  nickel  [5]. 

There  is  almost  no  data  in  the  literature  on  the  further  hydrogenation  of  primary  furan  amines  to  the  tetra- 
hydrofuran  derivatives.  The  preparations  of  tetrahydrofurfurylamine  from  furfurylamine  or  furfuraldoxime,  and  of 
tetrahydrofuryl-ethylamine  and  -  propylamine  from  the  corresponding  furan  amines  have  been  described  using  hy¬ 
drogenation  in  the  presence  of  a  ruthenium  or  a  platinum  group  catalyst  [3,  6-9].  Apparently  nickel  catalysts  have 
not  been  used  for  this  purpose. 

In  the  present  paper  are  presented  the  results  of  our  investigations  into  the  reductive  amination  reaction  mostly 
using  mono-  or  dienic  ketones  of  the  furan  series  which  are  obtainable  from  furfural.  Our  experiments  showed  that 
on  hydrogenation  under  pressure  in  methanol  saturated  with  ammonia  at  about  100“,  not  only  were  a, 0- unsaturated 
ketones  [furfurylidene- acetone  (11),  furfurylidenemethylisobutylketone  (III),  monofurfurylidenecyclohexanone  (IV)] 
easily  converted  to  the  corresponding  amines,  but  so  also  were  dienes  including  l-(a-furyl)hexadiene-l,  3-one-5(V), 
l(o-furyl)-7-metliyloctadien-l,  3-one-5  (Vll).  The  yields  ranged  from  68  to  80%  in  ketones  with  aliphatic  chains. 

Moreover  it  was  shown  that  saturated  furan  ketones,  for  example  furylacetone  (I),  having  a  carbonyl  group 
next  to  the  ring  are  also  easily  converted  to  the  corresponding  amine.  In  all  these  cases  hydrogenation  of  the  furan 
did  not  occur. 


Thus  the  general  nature  of  this  reaction  by  which  various  saturated  and  unsaturated  furan  ketones  can  be  con¬ 
verted  in  good  yields  into  primary  amines  with  amino-groups  in  the  side  chain  in  positions  1, 3  or  5  from  the  ring, 
has  been  established.  _ 

|^jL(CH=CH)„-GOR-». 


H,.  NH, 
CHjOH.'nT 


-(CH2CH2),— cii-n 


NH2 

n  =0.  1,  2; 

R  =  CH„  CH,CH(CH,)„  C,H,  etc. 
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TABLE  1.  Physical  Constants  and  Analyses  of  Furan  Amines 
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TABLE  2.  Physical  Properties  and  Analyses  of  N- Acetyl  Derivatives  of  Furan  Amines  (Vm-XIV) 


The  most  important  properties  and  the  analyses  of  furan 
amines  obtained  in  this  way  are  presented  in  Table  1. 

The  corresponding  N- acetyl  derivatives  were  obtained  in 
up  to  94*70  yield  by  the  action  of  acetic  anhydride  on  Ae 
amines.  Their  properties  and  analyses  are  cited  in  Table  2. 

Hydrogenation  of  amines  unsubstituted  at  nitrogen  may 
be  carried  out  in  the  liquid  phase  under  pressure  with  Raney 
nickel  and  other  caulysts.  Some  side  reactions  occur.  We  shall 
elucidate  the  question  in  the  following  paper.  However,  the 
N- acetyl  derivative  of  the  amines  were  easily  hydrogenated  in 
dioxane  solution  to  the  corresponding  derivatives  of  tetrahydro- 
furyl  amines  under  relatively  mild  conditions  (Raney  nickel, 
80-150*,  hydrogen  pressure  up  to  100  at).  By  hydrolyzing  the 
latter  by  heating  in  an  autoclave  with  ethanolic  alkali  the  tetra- 
hydrofuryl  amines  were  obtained. 


I  I  -^-4  1  I 

NHCOCH3  NHCOCM3 

M-(ciy„-cii-R 

NII2 

Some  properties  and  analyses  of  the  tetrahydrofuryl  amines 
and  their  N- acetyl  derivatives,  which  we  obtained  as  shown 
above,  are  cited  in  Table  3. 

The  ultraviolet  absaption  spectra  of  amines  of  the  furan 
series  and  of  the  corresponding  N-acetyl  derivatives  (Fig.  1  and 
2)  are  characterized  by  two  regions  of  absorption.  The  first  is 
a  very  intense  band  with  a  maximum  at  about  216  mp 
(e  ~  8500);  the  position  of  the  maximum  does  not  depend  on 
the  position  of  the  amino  group  in  the  main  chain.  Two  low 
intensity  broad  maxima  at  longer  wavelengths  are  attributed  to 
this.  The  change  of  an  amino  into  an  acetamino  group  leads 
to  a  negligible  broadening  of  the  second  absorption  band  to 
375-400  mp.  The  tetrahydrofuryl  amines  and  their  N-acetyl 
derivatives  do  not  have  constitutional  absorption  in  the  UV- 
region  of  the  spectrum. 

EXPERIMENTAL 

Furan  ketones  were  obtained  by  methods  described  pre¬ 
viously  [10,  11].  Reductive  amination  of  the  ketones  was 
carried  out  as  described  below. 

Synthesis  of  l-(a-furyl)-5-aminohexane.  90  g  of  freshly 
distilled  l-(a-furyl)-hexadien-l,  3- one- 5,  170  g  metfianol, 
saturated  with  ammonia,  and  10  g  Raney  nickel  were  placed  in 
a  0.6  liter  rotating  autoclave.  The  autoclave  was  twice  flushed 
with  hydrogen  and  then  filled  with  hydrogen  to  a  pressure  of 
100-120  at.  The  reaction  was  carried  out  at  100*  until  absorp¬ 
tion  of  hydrogen  ceased.  This  required  4-5  hr.  The  hydrogen¬ 
ation  mixture  under  pressure  was  freed  from  catalyst  by  filtration. 
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Fig.  1.  Ultraviolet  absorption  spectra  of 
amines  of  the  furan  series  (VIII)  l-(a-furyl)- 
aminoediane;  IX)  l-(a-furyl)-3-amino- 
butane;  X)  l-(a-furyl)-3-amino-5- methyl- 
hexane;  XI)  l-(a-furyl)-2-aminocyclohexane; 
XII)  l-(a-furyl)-5-aminohexane,  XIII)  l-(a- 
furyl)-5-amino-l-methyloctane;  XIV)  l-(a- 
furyl)-5-  amino-  5-phenylpentane. 


A 


Fig.  2.  Ultraviolet  absorption  spectra  of  N- 
acetyl  derivatives  of  amines  of  the  furan  series. 
XV)  l-(a-furyl)-acetaminohexane;  XVI)  l-(ot- 
furyl)-3-acetaminobutane;  XVII)  l-(a-furyl)- 
3-acetamino-5-methylhexane;  XIX)  l-(a- 
furyl)-5-acetaminohexane;  XX)  l-(a-furyl)-5- 
ace  ta  m  ino- 5  -  phe  ny  Ipe  nta  ne . 


and  the  methanol  and  excess  ammonia  were  distilled  off  on  a  water  bath  in  an  atmosphere  of  nitrogen  at  somewhat 
reduced  pressure.  The  residue  was  diluted  with  ether  and  dried  with  fused  potassium  hydroxide.  The  ethereal  solu¬ 
tion  was  decanted  and  the  ether  evaporated  on  a  water  bath.  The  residue  was  distilled  in  vacuum  in  a  stream  of 
nitrogen.  A  boiling  at  115-116*  at  17  mm  (98-100*  at  10  mm)  was  collected. 

The  method  described  below  was  used  to  prepare  N-acetyl  derivatives  of  amines. 

Synthesis  of  l-(«-furyl)-5-acetaminohexane.  40  g  of  l-(a-furyl)-5-aminohexane  was  placed  in  a  100  ml 
round  bottomed  flask  fitted  with  an  air  condenser.  Acetic  anhydride  (24.3  g)  was  added  down  the  condenser.  The 
flask  was  transferred  to  a  cold  water  bath  because  the  reaction  was  exothermic.  When  the  spontaneous  heating  of 
die  reaction  mixture  had  ceased  it  was  heated  fa  1  hr  on  a  boiling  water  bath.  The  crystals  formed  were  filtered 
off  and  recrystallized  from  hot  water  (at  a  temperature  above  70*). 

Hydrogenation  of  the  N-acetyl  derivatives  of  amines  was  carried  out  in  a  steel  rotating  autoclave.  The  ex¬ 
perimental  temperature  was  kept  within  the  required  limits  by  using  an  EPV-01  regulating  system. 

Synthesis  of  l-(«-tetrahydrofuryl)-5-acetaminohexane.  In  a  250  ml  rotating  steel  autoclave  were  sealed 
22.5  g  l-(o(-furyl)-5-acetaminohexane,  70  ml  dioxane,  and  3  g  Raney  nickel.  The  initial  hydrogen  pressure  was 
100-12C  atm,  and  the  temperature  140*.  Hydrogenation  was  concluded  by  the  absorption  of  the  quantity  of  hydrogen 
calculated  for  the  saturation  of  two  double  bonds  (4.8  liter).  The  hydrogenation  product  was  freed  from  catalyst  and 
the  dioxane  evaporated  off  under  somewhat  reduced  pressure.  The  residue  was  distilled  in  vacuum  at  4  mm  and  the 
fraction  boiling  at  185-7*  was  collected.  It  was  a  liquid  which  crystallized  on  storing,  m.p.  40-42*. 

Hydrolysis  of  the  N-acetyl  derivatives  of  tetrahydrofuryl  amines  was  carried  out  by  the  following  typical 
method. 

Synthesis  of  l-(a-tetrahydrofuryl)-5-aminohexane.  In  a  50  ml  steel  tube  autoclave  were  placed  7  g  of  1- 
l-(a-tetrahydrofuryl)-5-acetaminohexane  and  a  solution  of  3.3  g  of  sodium  hydroxide  in  28  ml  methanol.  The 
autoclave  was  heated  in  a  brine  bath  at  170*  for  10  hr.  The  autoclave  was  cooled  and  emptied,  the  methanol  evap¬ 
orated  off  and  the  amine  extracted  from  the  residue  with  ether.  In  this  way  a  precipitate  or  alkali  and  sodium 
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TABLE  3.  Physical  Properties  and  Analyses  of  Tetrahydrofurylamine  and  Their  N- acetyl  Derivatives 
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acetate  came  down,  and  this  was  separated  from  the  extract  by  filtration  on  a  sintered  filter  (No.  4).  The  precipiute 
was  washed  2-3  times  with  ether.  The  ethereal  solution  was  dried  with  calcined  magnesium  sulphate.  Ether  was  re¬ 
moved  on  a  water  bath,  and  the  residue  distilled  in  vacuum  at  3  mm  to  give  a  fraction  boiling  at  82-83*. 

The  absorption  spectra  of  die  furan  amines  and  their  corresponding  N- acetyl  derivatives  were  taken  in  meth¬ 
anol  on  an  SF-4  spectrophotometer  in  the  range  210-375  mp-* 

SUMMARY 

1.  A  general  method  has  been  developed  for  the  preparation  of  furan  amines,  with  aminogroups  in  positions 
1,  3,  or  5,  from  saturated  or  unsaturated  furan  ketones.  It  was  shown  for  the  first  time  that  dienic  furan  ketones 
undergo  reductive  amination  in  the  presence  of  ammonia  to  give  the  corresponding  furan  amine  In  good  yields.  The 
N- acetyl  derivatives  of  a  series  of  furan  amines  have  been  prepared. 

2.  It  has  been  shown  that  hydrogenation  of  N-acetyl  derivatives  of  furan  amines  in  the  presence  of  Raney 
nickel  gives  rise  to  N-acetyl  derivatives  of  tetrahydrofuryl  amines,  which  can  be  hydrolyzed  to  the  free  amine. 

3.  The  properties  are  described  of  the  following  compounds  which  have  been  prepared  for  the  first  time: 
l-(a-furyl)-l-aminoethane,  l-(a-furyl)-5- methyl-3- aminohexane,  l-(a-furyl)-2-aminocyclohexane,  l-(a-furyl)- 
5-aminohexane,  l-(a-furyl)-6- methyl-5- amlnooctane,  l-(a-furyl)-6-phenyl-5-aminopentane,  l-(a- tetrahydro¬ 
furyl)- 5- aminohexane,  and  l-(a-tetrahydrofurfuryl)-2-aminocyclohexane,  plus  seven  N-acetyl  derivatives  of  furan 
amines  and  three  N-acetyl  derivatives  of  tetrahydrofuran  amines. 
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In  previous  papers  we  have  studied  the  possibility  of  radical  exchange  and  the  conditions  for  it  in  organic 
compounds  of  mercury  [1],  lead  [2,  3],  and  magnesium  [4].  While  studying  the  influence  of  various  additives  on 
the  degree  of  ethyl  radical  exchange  in  tetraethyllead  [2]  it  was  noted  that  the  addition  of  a  few  drops  of  triethyl- 
aluminium  to  a  mixture  of  tetraethyllead  and  ethyl  bromide  caused  ethyl  radical  exchange  to  take  place.  The 
amount  of  exchange  which  took  place  on  the  addition  of  triethylaluminium  was  somewhat  less  than  when  aluminium 
trichloride  was  added.  It  was  suggested  that  the  reduced  percentage  of  exchange  in  the  presence  of  triethylalumin¬ 
ium  by  comparison  with  aluminium  trichloride  was  explained  by  the  absence  of  radical  exchange  between  ethyl 
bromide  and  triethylaluminium.  Taking  into  account  the  increased  interest  in  the  study  of  organoaluminium  com¬ 
pounds,  it  was  decided  to  test  the  suggestion  about  the  impossibility  of  radical  exchange  between  ethyl  bromide  and 
triethylaluminium,  and  also  to  carry  out  a  more  definitive  study  of  the  mobility  of  radicals  in  organoaluminium 
compounds. 

In  the  present  work  the  possibility  of  phenyl  and  ethyl  radical  exchange  and  the  conditions  for  it  in  the  systems 
triphenylaluminium- benzene  in  cyclohexane  and  triethylaluminium -ethyl  bromide  in  the  presence  of  various  addi¬ 
tives  has  been  studied.  The  benzene  and  ethyl  bromide  were  labelled  with 

It  was  established  in  the  study  of  phenyl  radical  exchange  in  the  system  triphenylaluminium—  benzene  that 
exchange  was  absent  in  the  absence  of  additives  even  under  forcing  conditions.  Exchange  was  brought  about  by 
tiiermostatting  the  starting  material  with  an  additive  at  150*  for  30  hr,  but  there  was  an  increased  error  in  the  meas¬ 
ure  activity  (Table  1). 

Exchange  is  also  absent  in  the  system  triethyl  aluminium—  ethyl  bromide  in  the  absence  of  additives.  How¬ 
ever,  the  introduction  of  metal  halides  into  the  system  causes  considerable  exchange  with  a  considerable  increase 
in  the  error  of  the  measure  activity  (Table  2).  Metals  with  variable  valency  and  their  halogen  salts  were  used  as 
additives. 

Such  additives  as  titanium  tetrachloride  and  nickel  chloride  cause  rupture  of  die  ampule  or  polymerization 
of  the  starting  material  if  they  ate  added  to  the  experiment  at  temperatures  higher  than  100*.  As  a  result  a  sticky 
oily  mass  is  formed  in  the  ampule.  This  mass  is  not  decomposed  by  alcohol.  The  initiation  of  exchange  in  the 
presence  of  metallic  silver,  bismuth,  and  copper  is  in  our  view,  explained  not  by  the  influence  of  the  metals  them¬ 
selves,  but  by  the  influence  of  their  halides  which  are  formed  in  the  experimental  conditions.  In  the  presence  of 
such  additives  as  tin  (11)  chloride,  silver  bromide,  copper  (I)  and  copper  (II)  chlorides,  cobalt(  II)  chloride,  iron 
(III)  chloride,  and  bismuth  chloride,  the  exchange  reaction  proceeds  easily  and  without  rupture  of  the  ampule  as 
a  rule.  The  easy  course  of  the  reaction  in  the  presence  of  the  additives  mentioned  permits  the  kinetics  of  the  re¬ 
action  to  be  established.  The  absence  of  gaseous  by-products  in  the  reactions  in  the  presence  of  the  additives  men¬ 
tioned  was  studied.  It  follows  that  the  additives  in  our  experiments  did  not  cause  dealkylation  of  triethylaluminium. 
There  was  a  small  quantity  of  gas  at  temperatures  higher  than  100®,  but  this  was  caused  by  a  small  amount  of  ther¬ 
mal  decomposition  of  the  starting  materials,  especially  ethyl  bromide.  This  is  confirmed  by  the  presence  of  radio¬ 
activity  in  the  gaseous  products. 
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TABLE  1.  Exchange  of  Phenyl  Radicals 
Between  Triphenylaluminium  and  Labelled 
Benzene  (temperature  150*;  duration  erf 
experiment  30  hr:  calculated  activity  for 
10(Plo  exchange,  1824  counts/  min) 


Activity  of 
AUCjHj),  after  Exchange 
exchange  reac-  (in  *5^ 
tion(  counts/ m) 


TABLE  2.  Exchange  of  Ethyl  Radicab  Be> 
tween  Triethylaluminlum  and  Labelled 
Ethyl  Bromide  (temperature  100*;  activity 
calculated  for  100^  exchange,  2040  counts 
per  min) 


Additive 


Activity  of  „ 

AUC,H«)3  « 

after  exchange 
reaction  ^ 

(countsAnin) 


Ag 

Same 

Cu 

Bi 

TiCU 

Same 

NiClj 


In  Fig.  1  are  shown  kinetic  curves  for  the  exchange  _ 

of  ethyl  radicals  in  the  system  triethylaluminlum-  ethyl  Note:  Experiments  without  additives  were 

bromide  in  the  presence  of  copper  (I)  chloride.  If  by  F  canied  out  at  150*. 

one  designates  the  amount  of  exchange,  then  a  linear  rel¬ 
ation  is  observed  between— In  (1-F)  and  the  time  (Fig,  2).  It  b  evident  from  Fig.  1  and  2  that  the  exchange  reac¬ 
tion  proceeds  by  an  exponential  law,  whence  it  follows  that  ethyl  radical  exchange  in  the  system  described  must  be 
considered  a  reaction  of  the  first  order.  Thus  to  calculate  the  rate  constant  for  the  exchange  reaction  one  can  use 
the  equation: 

*= 

where  2“  time  (in  sec),  Aj- activity  of  the  triethylaluminlum  at  time^,  A^- activity  of  the  triethylaluminlum  at 
equilibrium. 


Time  (hr) 

Fig.  1.  Kinetic  curves  for  the  exchange 
of  ethyl  radicals  between  triethylalu- 
minium  and  ethyl  bromide  in  the  pres¬ 
ence  of  copper  (I)  chloride  at  different 
temperatures. 


0  5  10  15  ZO 

Time  (hr) 

Fig.  2.  The  exponential  nature  of  ethyl 
radical  exchange  between  triethylalu- 
minium  and  ethyl  bromide  at  different 
temperatures. 


TABLE  3.  Results  of  Investigations  into  the  Kinetics  of  Ethyl 
Radical  Exchange  Between  Triethylaluminium  and  Labelled  Ediyl 
Bromide 


Temp. 

Time  ^ 
in  hrs)| 

Degree  ol 
exchange 

K- 10® 
(sec*^) 

100° 

30 

0.15 

0.38 

115 

30 

0.23 

0.53 

135 

30 

0.31 

0.77 

100 

35 

0.23 

0..50 

115 

30 

0.39 

0.96 

1.35 

30 

0..57 

1.82 

85 

20 

0.45 

1.92 

100 

20 

0.65 

3.36 

115 

20 

0.79 

5.09 

85 

20 

0.63 

3.37 

100 

20 

0.90 

6.13 

115 

15 

0.86 

8.18 

85 

20 

0.73 

4.13 

100 

20 

0.88 

6.80 

115 

15 

089 

9.34 

85 

20 

0.75 

4.38 

100 

20 

0.88 

6.23 

115 

15 

0.88 

8.82 

85 

15 

0.75 

6.13 

100 

15 

0.88 

6.82 

115 

12 

1.00 

15.54 

Additive 


SiiCl.j 

AgHr 

CoCI., 

FeClj 

CuCIa 

CuCI 

HiCl., 


Activation 

energy 

(cal/mole) 


6000 

ilOOO 

9000 

8000 

7000 

6500 

10500 


1/T-10' 


Fig.  3.  Relation  between  log  k  and 
1/  T  for  the  radical  exchange  reaction. 


Since 


the  ratio - 


‘t  _ 


F  is  the  degree  of  exchange  under  conditions 


such  that  at  t  =  0  the  activity  of  triethylaluminium  is  zero  (the  conditions 
in  our  experiment),  then  the  equation  for  calculating  the  rate  of  the  ex¬ 
change  reaction  has  the  form  [5]: 


*=  -  |ln(l-  A). 

In  Fig.  3  is  shown  the  Arrhenius  relation  between  log  k  and  1/  T. 
The  activation  energy,  determined  from  Fig.  3,  is  6500  cal/  mole.  The 
relation  between  the  degree  of  radical  exchange  and  the  time  for  this 
system  under  the  influence  of  other  additives  also  has  an  exponential 
character.  The  experimental  data  for  the  kinetics  of  exchange  with  dif¬ 
ferent  additives  are  cited  in  Table  3. 


In  Table  3  only  the  maximum  times  and  the  corresponding  degrees 
of  exchange  are  quoted.  In  this  way  the  additives  studied  can  be  placed  in  the  following  order  of  effectiveness  for 
accelerating  radical  exch.nnge; 


HiCla  >  CUCI2  >  Cud  >  FcCIa  >  CoClj  >  AgBr  >  SnCl.^. 


EXPERIMENTAL 

Purification  and  synthesis  of  starting  materials.  Purification  of  nitrogen.  The  nitrogen  purification  train  con¬ 
sisted  of  a  bubbler  of  ammoniacal  copper  oxide,  a  bubbler  of  concentrated  sulphuric  acid,  an  electric  furnace  (450*) 
containing  copper  filings,  and  a  tube  filled  with  anhydrous  calcium  chloride,  ascarite,  and  phosphorus  pentoxide. 

Ethyl  bromide  and  benzene,  labelled  with  were  synthesized  by  the  method  described  in  previous  papers 

[2.  4]. 

•  V.  N.  Kurakin  took  part  in  all  the  experiments  on  the  exchange  of  phenyl  radicals  in  the  system  A^CgHg)}/ C«He. 


Triphenylaluminium  was  synthesized  by  Nesmeyanov’s  method.  The  washed  and  dried  product  was  transferred 
into  previously  weighed  ampules  which  were  then  sealed.  It  had  a  m.p.  of  237.2“  [6]. 

The  preparation  of  triethylaluminium*  used  had  the  following  composition  (in  %):  A1(C2H5)3  91.7,  AlfCjiisljCl 
+  Al(C2H5)Cl2  2.8,  halogens  0.8,  solvent  (hydrocarbon)  4.7.  Further  purification  of  the  triethylaluminium  was  not 
carried  out. 

Anhydrous  metal  chlorides  synthesized  by  known  methods  [7]  were  used  as  additives  to  accelerate  the  ex¬ 
change  reaction.  Bismuth  and  copper  were  used  in  the  form  of  filings.  Silver  was  deposited  on  pieces  of  porcelain. 

Experimental  methods.  In  view  of  the  extreme  sensitivity  of  organoaluminium  compounds  to  moisture  and 
oxygen  all  reactions  were  carried  out  in  an  atmosphere  of  purified  nitrogen.  The  filling  of  the  reaction  ampule 
with  starting  materials  was  carried  out  on  the  apparatus  shown  in  Fig.  4.  The  apparatus  was  purged  with  nitrogen. 
Triethylaluminium  in  an  atmosphere  of  nitrogen  was  poured  into  the  funnel  A.  Ethyl  bromide  and  the  additive 
were  placed  in  the  reaction  ampule  B  which  was  then  attached  to  the  measuring  burette  C  with  rubber  vacuum  tub¬ 
ing.  The  contents  of  the  ampule  were  frozen  in  liquid  nitrogen,  the  ampule  pumped  out  with  a  vacuum  pump,  and 
tap  3  closed.  An  equimolecular  (by  radicals)  quantity  of  triethylaluminium  was  measured  into  the  burette  C  from 
the  funnel  A  via  the  tap  1,  The  triethylaluminium  was  then  pushed  through  tap  2  into  the  reaction  ampule  B.  The 
contents  of  the  ampule  were  frozen  in  liquid  nitrogen  again,  the  ampule  was  pumped  out,  and  then  sealed  in  vac¬ 
uum.  To  prevent  splashing  of  the  contents  of  the  ampule  if  it  broke,  the  ampule  was  placed  in  a  copper  bomb  fitted 
with  a  screw  cap.  At  the  end  of  the  experiment  the  ampule  was  taken  out,  frozen  down,  and  opened.  The  frozen 
ampule  was  connected  via  a  trap  cooled  in  liquid  nitrogen  to  the  vacuum  line  and  the  ethyl  bromide  pumped  out 
in  a  stream  of  air.  In  this  way  the  ethyl  bromide  was  frozen  into  the  trap.  As  the  quantity  of  ethyl  bromide  in  the 
ampule  decreased  the  pumping  was  increased  until  finally  it  was  pumping  at  5-8  mm,  which  is  sufficient  to  com¬ 
pletely  separate  the  labelled  ethyl  bromide  from  the  triethylaluminium.  Codistillation  of  the  triethylaluminium 
with  the  ethyl  bromide  was  negligible  because  the  former  boils  at  207“  [8].  When  pumping  off  the  ethyl  bromide 

was  completed  the  ampule  was  attached  to  an  apparatus  for  decom¬ 
posing  triethylaluminium  with  octyl  alcohol.  Octyl  alcohol  was  added 
dropwise  from  a  funnel  to  the  ampule.  In  order  to  free  the  ethane  formed 
from  traces  of  labelled  ethyl  bromide  the  gas  was  passed  through  traps  con¬ 
taining  methanol,  concentrated  alkali,  and  concentrated  sulphuric  acid. 

The  gas  was  collected  in  a  gas  holder.  The  collected  ethane  was  burned 
to  carbon  dioxide  and  the  gas  subjected  to  radiometric  analysis  in  an  in¬ 
ternally  filled  counter.  The  presence  of  radioactivity  in  tlte  ethane  showed 
that  ethyl  radical  exchange  occurred  in  the  system  triethylaluminium -ethyl 
bromide. 

For  the  study  of  the  system  triethylaluminium -benzene  an  ampule 
with  a  known  quantity  of  triphenylaluminium  and  an  equimolecular  (by 
radicals)  quantity  of  benzene  was  placed  in  the  reaction  ampule  together 
with  the  solvent  and  an  additive.  The  reaction  ampule  was  frozen  in  liquid 
nitrogen.  The  ampule  containing  the  triphenylaluminium  was  broken  with 
a  piece  of  glass  which  was  introduced  into  the  apparatus.  The  reaction  am¬ 
pule  was  frozen,  pumped  out,  sealed,  placed  in  the  copper  bomb,  and 
thermostated  under  the  required  conditions.  At  the  end  of  the  experiment 
the  ampule  was  frozen  and  opened.  The  liquid  phase  was  decanted,  and 
the  solid  triphenylaluminium  washed  many  times  free  from  labelled  ben¬ 
zene  with  fresh  portions  of  cyclohexane  until  the  cyclohexane  washings 
contained  no  radioactivity.  The  triphenylaluminium  was  dried  in  vacuum 
and  subjected  to  radiometric  analysis  in  an  internally  filled  counter.  t)ne 
can  judge  the  occurrence  of  phenyl  radical  exchange  in  the  system  dis¬ 
cussed  by  the  presence  of  activity  in  the  triphenylaluminium. 

SU  MM  ARY 

1  radicals  in  organoaluminium  compounds  has  been  studied. 

•  The  authors  thank  V.  I.  Biryukov  for  presenting  to  them  this  preparation. 


Fig.  4.  Arrangement  for  filling  of 
the  reaction  ampule  with  triethyl¬ 
aluminium.  Explanation  in  text. 

1.  Exchange  of  phenyl  and 
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2.  It  has  been  shown  that  phenyl  radical  exchange  between  triphenylaluminlum  and  benzene  is  either  com- 
pletely  absent  or  else  it  lies  within  the  limits  of  the  error  of  the  experiment. 

3.  Practically  complete  exchange  of  ethyl  radicals  between  triethylaluminium  and  erhy]  bromide  has  been 
observed  in  the  presence  of  copper,  iron,  and  bismuth  halides. 

4.  The  kinetics  of  ethyl  radical  exchange  between  triethylaluminium  and  ethyl  bromide  under  the  influence 
of  bismuth,  copper,  iron,  cobalt,  silver,  and  lead  halides  has  been  studied.  The  rate  constants  and  energies  of  activ¬ 
ation  for  the  exchange  reaction  have  been  calculated. 
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FURAN  COMPOUNDS 

XVI.  PREPARATION  OP  ACETAMIDOPYROMUCIC  ACID  AND  SOME  OF  ITS  DERIVATIVES 
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Saratov  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 
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Original  article  submitted  March  15.  1960 


5-Amino-2-furancarboxylic  acid  is  of  considerable  interest  in  connection  with  its  properties  and  possible  uses 
in  organic  synthesis.  However,  until  now  there  have  been  no  satisfactory  methods  for  preparing  this  acid  and  its 
derivatives,  in  particular,  the  ethyl  ester  acetylated  at  the  nitrogen. 

The  ethyl  ester  of  5-aminopyromucic  acid  was  prepared  for  the  first  time  in  50^^  yield  by  Marquis  [1]  by 
reduction  of  the  ethyl  ester  of  nitropyromucic  acid  with  aluminum  amalgam.  Rinkes  [2]  subsequently  showed  that 
the  reduction  could  be  effected  with  hydrogen  in  the  presence  of  PtOj.  The  cation  of  acetic  anhydride  on  this  ester 
gave  the  ethyl  ester  of  acetamidopyromucic  acid  [1,2].  It  was  established  that  the  latter  exists  in  two  crystalline 
forms  with  m.p.  173.5  and  177.5*  [1].  4-Nitro-  and  amino  derivatives  of  aminopyromucic  acid  are  known  [2].  The 
physiological  activity  of  some  of  the  derivatives  has  been  investigated  [3,  4]. 

In  1956  one  of  us  [5]  proposed  a  one-stage  method  of  preparing  ethyl  acetamidopyromucate  by  hydrogenation 
of  ethyl  5-nitropyromucate  in  acetic  anhydride  in  the  presence  of  Pt02  at  room  temperature  and  normal  pressure. 

The  yield  was  67%  of  theoretical.  _ 

I  II  -* 

—  I!_(;()()(;  u  IMO,.  (Cn,C',6),0 

\()/  -  ^ 

C I  i;,( ;( )N  1 1  — J-COOC^I  I5 

Further  study  of  this  reaction  made  it  possible  to  establish  that  ethyl  5-nitropyromucate  may  be  hydrogenated 
to  acetamidopyromucic  ester  in  up  to  70%  yield  in  the  presence  of  Raney  nickel  under  pressure  at  60-70*  in  acetic 
anhydride.  In  this  case  the  hydrogenation  required  2-3  hr.  This  reaction  proceeded  even  more  rapidly  (in  30-40  min) 
in  an  autoclave  under  pressure  at  room  temperature  with  Pt02.  The  yield  was  60%. 

Hydrolysis  of  the  ester  with  5%  potassium  carbonate  solution  formed  acetamidopyromucic  acid  in  the  form  of 
crystals  with  m.p.  208*  (with  decomp.);  according  to  the  data  of  other  authors  [1],  this  acid  decomposes  at  about  280*. 

The  reaction  of  ethyl  acetamidopyromucate  with  hydrazine  yielded  the  previously  unknown  hydrazide  of  this 
acid,  which  could  be  condensed  with  aldehydes,  for  example,  benzaldehyde,  to  form  hydrazones. 

r.lhCONII-r-CONHNH2+  OCnCiills  CHaCONII j-COMl.\=CIIC«H5 

The  ultraviolet  absorption  spectra  of  acetamidopyromucic  acid  and  its  ethyl  ester  and  hydrazide  (see  figure) 
were  similar  and  had  a  maximum  at  289-291  mp.  With  the  benzylidene  derivative  of  the  hydrazide  of  acetamido¬ 
pyromucic  acid,  the  absorption  region  was  displaced  toward  longer  wavelengths  and  the  main  absorption  maximum 
was  observed  at  323  mp . 

During  the  present  investigation,  improved  methods  were  developed  for  preparing  the  ethyl  esters  of  pyromucic 
and  nitropyromucic  acids,  which  are  described  in  the  experimental  part. 

EXPERIMENTAL 

Ethyl  pyromucate.  Into  a  half- liter  round -bottomed  flask  fitted  with  an  efficient  fractionating  column  were 
placed  112  g  of  recrystallized  or  vacuum -sublimed  pyromucic  acid,  230  g  of  alcohol,  78  g  of  benzene,  and  3  ml 
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of  concentrated  sulfuric  acid.  The  outlet  tube  of  the  fractionating  column  was  connected  to  a  descending  condenser, 
to  the  end  of  which  was  attached  a  Wurtz  flask  cooled  with  iced  water.  The  reaction  flask  was  heated  slowly  on  a 
water  bath  for  2-2.5  hr  and  dien  the  mixture  of  alcohol,  benzene,  and  water  collected  in  the  receiver  was  dried  for 

0.5-1  hr  with  baked  copper  sulfate,  filtered,  and  poured  into  die 
flask  for  a  second  distillation,  which  was  complete  in  2  hr.  The 
contents  of  the  reaction  flask  were  then  steam  distilled.  The  ester 
collected  in  the  receiver  (Wurtz  flask)  was  sucked  dry  on  a  Buchner 
funnel,  washed  with  iced  water,  and  dried  in  air;  the  m.p.  was  3^ 
and  the  yield  113.5-121*  (81-867o). 

The  unreacted  pyromucic  acid  was  readily  isolated  in  a  pure 
form  by  cooling  the  filtered  hot  aqueous  extracts  from  the  residue 
in  the  distillation  flask.  If  the  distillation  was  repeated  2-3  times, 
the  yield  of  ester  reached  The  distilled  mixture  of  benzene 
and  alcohol  could  be  used  for  subsequent  experiments.  Methyl 
pyromucate  was  obtained  analogously  in  70-787o  yield.  It  was  also 
observed  that  the  yield  of  the  ester  obtained  by  other  methods  [5] 
was  increased  by  6-10^o  if  the  ester  was  isolated  by  distillation  in 
steam  and  not  in  vacuum. 

Ethyl  5-nitropvromucate.  Into  a  three -necked  flask  fitted 
with  a  thermometer,  dropping  funnel,  and  stirrer  was  placed  168  g 
of  acetic  anhydride  and  a  mixture  of  104  g  of  nitric  acid  (d  1.5) 
and  7  g  of  sulfuric  acid  (d  1.83)  added  dropwise  with  vigorous  stirring 
with  the  temperature  of  the  reaction  mixture  kept  at  -14  to  -12" 
by  external  cooling.  A  solution  of  41  g  of  ethyl  furoate  in  62  g  of 
acetic  anhydride  was  added  dropwise  to  this  solution  widi  vigorous 
stirring  at  a  temperature  of  no  higher  than  -10".  When  the  ester 
had  been  added,  stirring  was  continued  for  a  further  hour  and  then 
the  reaction  mixture  was  poured  onto  ice  (600  g)  and  stirred  again.  After  10-15  min,  the  intermediate  nitration 
product  collected  on  the  bottom  of  the  vessel  as  a  heavy  oil,  which  was  separated  (the  ice  had  to  thaw),  washed  once 
or  twice  with  cold  water  by  decantation,  and  then  treated  with  an  equal  volume  of  freshly  distilled  pyridine  with 
careful  stirring.  Heat  evolution  was  observed,  several  small  lumps  of  ice  were  added,  and  the  mixture  was  allowed 
to  stand  for  1-1.5  hr.  Colorless,  lustrous  crystals  precipitated  from  the  solution  during  this  time.  To  the  solution  was 
added  100  ml  of  cold  water  and  the  crystals  were  collected,  washed  with  iced  water  (3-4  times),  and  dried  in  air;  the 
m.p.  was  100-101".  The  aqueous  solutions  after  separation  of  the  intermediate  compound  were  neutralized  with 
ammonia  solution,  which  was  added  in  portions  with  cooling.  The  filtrate  deposited  crystals  of  ethyl  nitropyromucate 
as  lustrous,  colorless  or  slightly  yellowish  platelets  with  m.p.  99-100.5".  The  total  yield  was  38-45  g  (70-83‘yo). 

Ethyl  5-acetamidopvromucate.  A.  Into  a  150  ml  autoclave  were  placed  14  g  of  ethyl  nitropyromucate,  3  g 
of  Raney  nickel,  and  30  ml  of  acetic  anhydride.  The  hydrogenation  was  carried  out  at  an  initial  hydrogen  pressure 
of  60-90  atm  and  60-80".  The  calculated  amount  of  hydrogen  was  absorbed  in  2.5-3  hr.  The  autoclave  was  un¬ 
loaded  and  the  crystals  of  ethyl  acetamidopyromucate  and  the  catalyst  separated  from  the  catalyzate  by  filtration. 

The  autoclave  and  the  precipitate  on  the  filter  were  washed  with  small  portions  of  acetone,  which  were  combined 
with  the  filtrate.  An  additional  amount  of  acetamidopyromucic  ester  was  isolated  from  the  filtrate  after  removal 
of  the  acetone  and  acetic  anhydride  under  reduced  pressure  on  a  water  bath.  The  ethyl  acetamidopyromucate  was 
recrystallized  from  hot  acetone,  amyl  or  ethyl  alcohol,  or  hot  glacial  acetic  acid  with  the  catalyst  separated  by  hot 
filtration.  The  m.p.  was  173.5-175"  and  the  yield  9.2-10.8  g  (60-7070). 

B.  Into  a  rotating  autoclave  were  placed  14  g  of  ethyl  nitropyromucate,  0.17  g  of  PtOj,  and  30  ml  of  acetic 
anhydride.  The  hydrogenation  was  carried  out  at  an  initial  hydrogen  pressure  of  45-65  atm  and  room  temperature. 

The  reaction  mixture  spontaneously  heated  up'to  50".  The  calculated  amount  of  hydrogen  was  absorbed  in  30-45  min. 
The  catalyzate  was  extracted  and  the  crystalline  precipitate  collected.  The  mother  solution  was  evaporated  and  the 
precipitated  crystals  collected.  The  ester  was  recrystallized  from  acetone  or  ethanol  with  the  catalyst  separated  by 
filtration  of  the  hot  solution.  The  m.p.  was  173.5-175*  and  the  yield  8.9  g  (607<>). 

Found  7o;  N  7.06,  7.08.  CjHuO^N.  Calculated  7o:  N  7.08. 


Absorption  si)ectra  of  acetamidopyromucic 
acid  and  its  derivatives  (in  dioxane).  1)  5- 
Acetamidopyromucic  acid;  2)  ethyl  5- 
aceiamidopyromucate;  3)  hydrazide  of  5- 
acetamidopyromucic  acid;  4)  N-benzylidene 
derivative  of  the  hydrazide  of  5- acetamido¬ 
pyromucic  acid. 
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5-Acetamidopyromucic  acid  was  obtained  by  the  method  in  [1]  of  boiling  5  g  of  ethyl  acetamidopyromucate 
in  100  ml  of  5^  potassium  carbonate  solution  for  1.5-2  hr.  The  solution  was  cooled,  neutralized  with  acetic  acid, 
and  diluted  to  a  total  volume  of  160  ml  with  water.  Concentrated  hydrochloric  acid  was  added  dropwise  carefully 
until  crystallization  was  complete  and  the  crystals  were  collected  on  a  Buchner  funnel  and  washed  3-5  times  with  water. 
After  recrystallization  from  alcohol,  the  product  had  m.p.  208*  (with  decomp.)  and  m.p.  221-222*  (with  decomp.)  on 
the  bulb  of  a  thermometer. 

Found  “yit  C  50.19,  49.98;  H  4.36,  4.44;  N  8.43,  8.46.  M  170.2.  C7H7O4N.  Calculated  C  49.70;  H  4.17; 

N  8.28.  M  169.13. 

Hydrazide  of  5-acetamidopvromucic  acid.  Into  a  flask  fitted  with  a  reflux  condenser  were  placed  3.94  g  of 
ethyl  acetamidopyromucate  and  20  ml  of  ethanol,  the  mixture  heated  on  a  water  bath  until  a  clear  solution  was  ob¬ 
tained,  and  then  a  solution  of  1.2  g  of  hydrazine  hydrate  in  5  ml  of  alcohol  added  dropwise.  Heating  on  the  water 
bath  was  continued  for  4-6  hr  until  crystals  of  the  ester  no  longer  precipitated  when  a  sample  of  the  mixture  was 
cooled.  Evaporation  of  the  solution  left  a  heavy  red-brown  oil  on  the  bottom  of  the  flask  and  this  gradually  crystal¬ 
lized.  The  crystals  were  collected,  washed  with  cold  water,  and  recrystallized  from  hot  water.  The  golden  yellow 
needles  had  m.p.  192-194*  (on  the  bulb  of  a  thermometer).  A  second  recrystallization  from  water  raised  the  melting 
point  to  194-195*.  The  substance  lost  water  of  crystallization  at  100-105*.  The  yield  was  1.23  g  (31*70). 

Found  %  C  41.63,  41.65;  H  5.64,  5.42;  N  20.86,  20.89;  HjO  8.95.  C7H9O3N3  •  H2O.  Calculated  %  C  41.79; 

H  5.51;  N  20.89;  HjO  8.96. 

The  water  of  crystallization  was  removed  by  drying  the  substance  in  vacuum  at  100".  The  anhydrous  substance 
had  m.p.  194-195*. 

Found  %  C  45.94,  45.76;  H  5.12,  5.23;  N  22.68,  22.75.  C7H9O3N3.  Calculated  %  C  45.90;  H  4.95;  N  22.95. 

The  hydrazide  of  acetamidopyromucic  acid  dissolved  readily  in  ethanol  and  isopropanol,  dissolved  on  heating 
in  dioxane  and  water,  and  dissolved  sparingly  in  benzene  and  ether. 

Benzylidene  derivative  of  the  hydrazide  of  the  acetamidopyromucic  acid.  To  1.83  g  of  the  hydrazide  of 
acetamidopyromucic  acid  in  10  ml  of  alcohol  was  added  1.06  g  of  benzaldehyde.  The  solution  then  became  yellow, 
but  remained  clear.  The  mixture  was  heated  on  a  water  bath  under  reflux  for  20  min  and  water  added  until  crystals 
precipitated.  They  were  collected,  washed  2-3  times  with  water,  dried,  and  recrystallized  from  40%  alcohol.  The 
clear,  colorless  crystals  lost  water  at  100-105®  and  then  melted  at  233-234"  (on  the  bulb  of  a  thermometer).  The 
yield  was  2.75  g  (95%). 

Found  %;  C  57.93,  57.60;  H  5.28,  5.53;  N  14.65,  14.11;  HjO  6.30.  Ci4)li303N3  •  HjO.  Calculated  %  C  58.12; 

H  5.33;  N  14.53;  HjO  6.23. 

The  water  of  crystallization  was  removed  by  drying  die  substance  in  vacuum  at  100*.  The  colorless  substance 
melted  at  233-234*  (with  decomp.). 

Found  %:  C  62.15,  61.95;  H  4.87,  5.08;  N  15.33,  15.68.  M  257.9,  268.5  (by  Rast’s  method).  Ci4Hi303N3. 
Calculated  %  C  61.98;  H  4.83;  N  15.50.  M  271.27. 

The  hydrazone  dissolved  very  readily  in  alcohol  at  room  temperature  dissolved  in  ethyl  acetate  and  chloroform 
on  heating,  and  dissolved  sparingly  in  water,  benzene,  and  ether. 

The  absorption  spectra  of  acetamidopyromucic  acid  and  its  derivatives  in  dioxane  solution  were  plotted  by 
A.  D.  Peshekhonova  on  an  SF- 4  spectrophotometer. 

SUMMARY 

New  preparative  methods  were  developed  for  the  preparation  of  ethyl  acetamidopyromucate  by  hydrogenation 
of  ethyl  5-nitropyromucate  in  acetic  anhydride  under  pressure  in  the  presence  of  Raney  nickel  and  PtOj.  The  hy¬ 
drazide  of  acetamidopyromucic  acid  and  its  benzylidene  derivative,  which  were  unknown  previously,  were  prepared. 

Improved  methods  for  the  preparation  of  ethyl  pyromucate  and  ethyl  5-nitropyromucate  are  described. 
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We  previously  described  [2]  a  new  method  of  preparation  of  aromatic  compounds  of  antimony,  starting  from 
equimolar  quantities  of  antimony  trichloride,  cupric  chloride,  and  an  arylhydrazine  in  a  hydrochloric  acid  medium 
in  presence  of  atmospheric  oxygen.  This  reaction  gives  phenylantimonic  and  diphenylantimonic  acids  in  yields  of 
22  and  17^,  respectively.  This  method  was  used  for  preparation  of  p-fluorophenyl,  p-tolyl  and  6-naphthyl  com¬ 
pounds  of  antimony  [3,  4],  In  earlier  communications  [5,  6]  we  proposed  a  mechanism  of  formation  of  arsenic- 
and  antimonioaromatic  compounds  according  to  which  primary  compounds  are  formed  from  the  complex  ArN2X  • 

•  MeXj  (I)  and  secondary  compounds  from  the  complex  ArN2X  *  ArMeX2(II).  All  the  conditions  exist  for  formation 
of  complex  (II)  when  phenylhydrazine  hydrochloride  reacts  with  antimony  trichloride  in  presence  of  oxygen  of  the 
air  and  cupric  chloride  in  a  hydrochloric  acid  medium  (see  below).  In  our  method  described  in  [2],  however,  a  mix¬ 
ture  of  primary  and  secondary  compounds  is  obtained  with  slight  preponderance  of  primary  compounds.  This  is 
probably  due  to  the  presence  in  die  reaction  mixture  of  a  relatively  large  quantity  of  cupric  chloride  which  is  capa¬ 
ble  of  partially  oxidizing  the  resulting  phenylstibine  dichloride  to  phenylstibine  tetrachloride.  Unlike  phenylstibine 
dichloridc,  the  latter  does  not,. under  these  conditions  give  the  complex  C5H5N2CI  •  C5H5SbCl2  needed  for  formation 
of  secondary  compounds. 

The  ability  of  cupric  chloride  to  oxidize  phenylstibine  dichloride  to  phenylstibine  tetrachloride  was  confirmed 
by  our  experiments.  Reaction  of  phenylstibine  dichloride  with  cupric  chloride  and  ferric  chloride,  for  example,  gave 
phenylstibine  tetrachloride  which  was  isolated  in  the  form  of  the  double  salt  with  ammonium  chloride  CgHsSbC^  * 

•  NH4CI. 

CcHfiSbCla -h  2CuCl2 - 2CuCl  +  CoHjSbCU  (;eH5SbCl4  •  Nll4r.I 

Another  cause  of  the  above  behavior  is  that  the  quantity  of  phenylhydrazine  needed  for  formation  of  second¬ 
ary  compounds  is  inadequate.*  *  The  reaction  actually  goes  with  formation  mainly  of  diphenylstibine  trichloride 
(yield  up  to  65^)  when  phenylhydrazine  hydrochloride  reacts  with  antimony  trichloride  in  2.3  :  1  molar  ratio  on 
addition  of  a  trace  of  cupric  chloride  in  presence  of  atmospheric  oxygen.  Reduction  of  diphenylstibine  dichloride 
gives  diphenylstibine  chloride,  and  substantially  no  primary  antimonioaromatic  compound  is  then  formed. 

The  mechanism  of  this  reaction  may  be  represented  as  follows  on  tfic  basis  of  the  scheme  suggested  earlier: 

Piipi 

CcUsNHNHa  •  HCl  -f  SbClj  O2  CellsN^Cl  •  SbClj  -f-  2II2O 

(I) 

Double  compound  (I)  reacts  with  another  molecule  of  phenylhydrazine  hydrochloride  with  formation  of  phenyl- 
dichlorostibine: 

2C6il:.N2Cl  .  SbCla  +  CcHgNHNUj  •  HCl  2C6H5SbCl2  f  C0H5N2CI  +  4HCI  4-  ZNj 


*  Preceding  communication  [1]. 

*  ‘The  hypothesis  of  preferential  formation  of  secondary  compounds  in  presence  of  catalytic  quantities  of  cupric 
chloride  and  of  excess  of  phenylhydrazine  is  supported  by  our  earlier  observation  [1]  that  secondary  compounds  are 
mainly  formed  if  antimony  pentachloride  is  used  under  the  same  conditions. 
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Phenyldichlorostibine  could  not  be  directly  isolated  from  the  reaction  mixture  due  to  its  great  solubility  in 
hydrochlMic  acid.  As  was  shown  earlier  [7],  when  this  synthesis  is  performed  with  arsenic  trichloride  the  main  prod¬ 
uct  of  reaction  is  phenyldichloroarsine  which  is  insoluble  in  hydrochloric  acid.  The  dissolved  phenyldichlocostibine 
reacts  with  the  phenyldiazonium  chloride  in  the  reaction  mixture  to  give  the  double  compound  CeH5N2Cl  • 

•  CfHsSbClj  (II);  the  latter  is  decomposed  by  hydrochloric  acid  to  form  diphenylstibine  trichlcvide; 

CJlsNjjCl  -h  CoHsSbCla  CcHsNjCl  .  ColIsSbCIj  — (CoH5)2SbCl3  +  Nj 

(II) 

This  mechanism  is  supported  by  the  following  evidence.  Double  compound  (II)  is  farmed  when  phenylhydra- 
zine  hydrochloride  reacts  with  antimony  trichloride  in  a  hydrochloric  acid  medium  in  presence  of  atmospheric 
oxygen  and  cupric  chloride.  The  same  double  compound  is  formed  when  C6H6N2CI  •  SbCls  reacts  with  phenylhy- 
drazine  hydrochloride  and  on  reaction  of  phenyldiazonium  chloride  with  antimony  trichloride  and  phenylhydrazine 
hydrochloride. 

It  should  be  noted  that  small  quantities  of  diphenylstibine  trichloride  and  diphenylchlorostibine  are  isolated 
from  the  reaction  mixture  in  addition  to  the  double  compound  C6H5N2CI  *  C6H5SbCl2  (II). 

Formation  of  the  various  products  may  be  explained  in  the  following  way:  Even  in  the  cold,  part  of  the  com¬ 
plex  C6H5N2C1  •  CgH5SbCl2  (II)  is  converted  in  a  hydrochloric  acid  medium  into  diphenylstibine  trichloride: 

C6H5N2CI  .  CellsSbCla  Ng  +  {Cfliy^SbCla 

A  certain  proportion  of  the  latter  is  reduced  by  the  phenylhydrazine  to  diphenylstibine  dichloride: 

2{CJl5)2SbCl3  +  C,;Flr,NHNH2  •  HCl  — ►  CGH5N2GI  +  2(CoH5)2SbGl  +  4HGI 

Concerning  the  role  of  oxygen  and  copper  in  formation  of  antimonioaromatic  compounds  from  arylhydrazine 
and  antimony  trichloride  (ot  pentachlcffide),  we  showed  that  in  these  cases  the  presence  of  oxygen  and  copper  chlo¬ 
ride  is  indispensable.  If  the  initial  components  are  the  double  compounds  ArN2Cl  •  SbCl3  ot  ArN2Cl  •  SbCls  and 
phenylhydrazine,  then  the  presence  of  oxygen  of  the  air  is  not  necessary  for  formation  of  antimonioaromatic  com¬ 
pounds,  but  copper  salts  are  needed.  In  the  light  of  these  facts  we  may  suggest  that  an  oxygen  carrier  is  needed  for 
oxidation  of  phenylhydrazine  to  a  phenyldiazonium  compound,  the  part  of  oxygen  carrier  being  played  by  cupric 
chloride.*  Copper  and  its  salts  are  also  needed  for  formation  of  the  carbon— antimony  bond  on  decomposition  of  the 
double  compounds  of  aryldiazonium  halides  and  inorganic  halides. 

The  role  of  copper  and  its  salts  in  these  processes  becomes  clearer  in  the  light  of  the  ideas  that  we  enunciated 
in  [8],  according  to  which  copper  is  capable  of  donating  an  electron  to  the  nitrogen  and  of  abstracting  one  from 
arsenic  ot  antimony.  Double  compound  (III)  then  changes  into  (IV)  which  releases  nitrogen: 

fAr— Nl+IMeXil"  (Ar— N=N— MoXarX- 

I  lllJ 

N  (IV) 

(III) 

The  final  product  is  an  aromatic  compound  of  arsenic  or  antimony: 

[Ar— N=N— MeX3rX-  ArMcX*  -j-  N2. 

As  is  known  from  our  investigations,  this  transformation  proceeds  without  participation  of  free  radicals  [5,  6]. 

In  the  Nesmeyanov  reaction  [9]  the  complex  ArN2Cl  •  SbCls  in  acetone  or  ethylacetate  is  decom¬ 
posed  by  zinc  with  formation  of  antimonioaromatic  compounds  in  the  absence  of  copper.  Tliis  effect  may  be  due 
to  the  possibility  of  zinc  ot  other  metals  functioning  in  the  same  manner  as  copper  in  the  transition  from  (III)  to(IV). 

•We  also  made  use  of  a  small  quantity  of  ferric  chloride  in  this  process;  this  accelerated  the  reaction  slightly.  It 
was  also  observed  that  antimonioaromatic  compounds  are  also  formed  in  absence  of  ferric  chloride  if  cupric  chlcsride 
is  present. 
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Schmidt  [10]  obtained  antimonioaromatic  compounds  on  decomposition  of  the  complex  ArNjCl  •  SbCl3  with 
alkalies.  This  process  is  evidently  due  to  the  ability  of  some  electron- donating  compounds,  including  alkalies,  to 
catalyze  the  transformation  of  complex  (III)  into  (IV)  or  into  other  end  products. 

EXPERIMENTAL 

1.  Preparation  of  phenylstibine  tetrachloride  from  phenyldichlorostibine  and  cupric  chloride.  An  open  flask 
was  charged  with  3.6  g  (0.013  mole)  of  phenyldichlorostibine,  4.6  g  (0.026  mole)  of  curpic  chloride,  and  150  ml  of 
hydrochlOTic  acid.  To  the  solution  (obtained  after  stirring  for  6  hr)  was  added  150  ml  of  a  saturated  solution  of  am¬ 
monium  chloride  in  cone.  HCl.  The  precipitated  double  salt  CgHsSbC^  *  NH4CI  was  separated  and  decomposed 
with  300  ml  of  water.  The  phenylstibinic  acid  was  separated  and  dried.  Weight  of  CgHgSbCX 011)2  2.6  g(787o). 

Found  Sb  48.88.  CeHTO^Sb.  Calculated  Sb  48.92. 

2.  Preparation  of  phenylstibine  tetrachloride  from  phenyldichlorostibine  and  ferric  chloride.  Under  the  con¬ 
ditions  of  Expt.  1,  2.2  g  of  phenylstibinic  acid  (607o)  was  obtained  from  3.6  g  (0.013  mole)  of  phenyldichlorostibine, 
7.2  g  (0.026  mole)  of  ferric  chloride,  and  150  ml  of  hydrochloric  acid. 

3.  Reaction  of  phenylhydrazine  hydrochloride  with  antimonj^  trichloride  in  a  hydrochloric  acid  medium  in 
presence  of  cupric  chloride  and  atmospheric  oxygen.  A  three- liter  flask,  equipped  with  stirrer  (and  mercury  seal) 
and  two  bubblers  for  admission  of  air,  was  charged  with  200  ml  of  hydrochloric  acid  (d  1.19),  600  ml  of  water, 

8.5  g(0.07  mole)  of  ferric  chloride,  51.5  g  (0.225  mole)  of  antimony  trichloride,  and  72  g(0.5  mole)  of  phenylhy¬ 
drazine  hydrochlOTide.  Air  was  passed  into  the  stirred  mixture  at  the  rate  of  10  liters/  min.  After  the  reaction  mix¬ 
ture  had  been  stirred  for  2  hr,  a  solution  of  1  g  of  cupric  chloride  in  10  ml  of  dilute  (1  ;  3)  hydrochloric  acid  was 
added.  Stirring  of  the  reaction  mixture  was  continued  for  24  to  48  hr  (depending  on  the  rate  of  air  admission).  The 
completion  of  reaction  was  marked  by  the  colorless  liquid  becoming  greenish- yellow  and  by  formation  of  diphenyl- 
stibine  trichloride  from  the  solid  on  boiling  in  dilute  hydrochloric  acid.  After  completion  of  the  reaction,  the  solu¬ 
tion  was  suction- filtered,  and  the  precipitate  washed  with  50  ml  of  hydrochloric  acid  (1  :  3)  and  dried.  Weight 
143  g.  The  precipitate  was  placed  in  a  3-liter  flask  equipped  with  a  reflux  condenser,  500.  ml  of  hydrochloric  acid 
(d  1.19)  and  1000  ml  of  water  were  added,  and  the  mixture  was  boiled  for  about  an  hour.  The  contents  of  the  flask 
were  filtered  hot  through  a  Schott  filter  for  separation  from  oil.  Tlie  cooled  filtrate  deposited  crystals  of  diphenyl- 
stibine  trichloride  with  m.p.  172-173*.  Weight  58  g(65f7o  calculated  on  the  antimony  trichloride). 

Reduction  of  diphenylstibine  trichloride  to  diphenyldichlorostibine.  A  mixture  of  75  ml  of  97o  hydrochloric 
acid,  15  ml  of  alcohol,  and  20  g  of  diphenylstibine  trichloride  was  poured  into  a  three- necked  flask,  equipped  with 
mercury  seal,  dropping  funnel,  and  reflux  condenser.  The  mixture  was  heated  on  a  water  bath  to  40“ ,  a  crystal  of 
potassium  iodide  added,  and  20  g  of  solution  of  bisulfite  stirred  in  over  a  period  of  15-20  min  at  40*.  After  the 
bisulfite  had  been  added,  stirring  was  continued  at  the  same  temperature  for  an  hour.  The  bath  temperature  was 
raised  to  70*  and  stirring  continued  for  10-15  min.  Diphenylchlorostibine  crystallized  on  cooling.  It  was  pressed 
and  dried.  Yield  14.1  g(90%),  m.p.  68-70*. 

Found  Sb  39.1;  Cl  11.3.  CizHioClSb.  Calculated  <70:  Sb  39.09;  Cl  11.38. 

4.  Preparation  of  the  complex  C6HSN2CI  •  CeH5SbCl2  starting  from  phenylhydrazine  hydrochloride  and 
antimony  trichloride.  A  mixture  of  51.5  g  of  antimony  trichloride,  72  g  of  phenylhydrazine  hydrochloride,  200  ml 
of  hydrochloric  acid  (d  1.19),  600  ml  of  water,  and  the  same  quantities  of  copper  and  iron  salts  as  in  Expt.  3  in  a 

3- liter  vessel  was  mechanically  stirred  in  presence  of  air  for  36  hr.  The  resulting  precipitate  was  separated,  washed 
with  dilute  hydrochloric  acid,  and  dried  in  the  air.  Weight  of  crude  product  143  g.  Double  salts  of  the  type  of 
C5H5SbCl4  •  NH4CI  could  not  be  isolated  from  the  filtrate  after  addition  of  a  concentrated  hydrochloric  acid  solution 
of  NH4CI.  This  pointed  to  absence  of  primary  products.  The  precipitate  was  again  washed  with  alcohol  and  ether, 
and  again  dried  for  3  hr  in  a  vacuum- desiccator  over  sulfuric  acid  (from  the  alcohol— ethereal  filtrate  could  be  iso¬ 
lated  a  small  quantity  of  diphenylchlcarostibine  and  diphenylstibine  trichloride). 

The  product  was  a  lilac- colored  powder,  decomposing  on  standing  in  the  air  with  liberation  of  chlorobenzene. 
It  gave  a  diazo  reaction  with  6-naphthol.  Nearly  insoluble  in  the  majority  of  organic  solvents.  Decomposes  in 
acetone  with  liberation  of  nitrogen. 

Found  <70:  N  6.81;  Cl  25.9,  25.78;  Sb  29.1,  29.0.  Ci2HioN2Cl3Sb.  Calculated  <70:  N  6.82,  Cl  25.92;  Sb  29.68. 
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A  mixture  of  71.5  g  of  unpurified  complex  C5H5N2CI  *  C6H5SbCl2  and  750  ml  of  dilute  hydrochloric  acid 
(1  part  of  cone.  HCl  and  2  parts  of  water)  was  boiled  until  nitrogen  was  no  longer  liberated.  The  solution  was  then 
filtered  hot.  The  filtrate  deposited  colorless  crystals  of  diphenylstibine  dichloride  with  m.p.  170*.  Yield  about  30  g. 
After  recrystallization  (from  dilute  hydrochloric  acid)  and  drying,  the  product  had  m.p.  173*. 

Found  <7o:  Cl  25.85,  26.7;  Sb  30.13,  29.63.  C^HioClsSb  *  H2O.  Calculated  Cl  26.58;  Sb  30.41. 

5.  Reaction  of  phenylhydrazine  hydrochloride  with  C6H5N2CI  •  SbCl3  in  a  hydrochloric  acid  medium  in  pres¬ 
ence  of  copper  salts.  A  three-liter  flask  was  charged  with  46.1  g  (0.125  mole)  of  CeH5N2Cl  •  SbCls,  18.1  g 
(0.125  mole)  of  phenylhydrazine  hydrochloride,  100  ml  of  hydrochloric  acid  (d  1.19),  300  ml  of  water,  2  g  of  ferric 
chloride,  and  0.2  g  of  cupric  chloride.  The  reaction  mixture  was  stirred  for  25  hr.  The  resulting  precipitate  was 
separated  and  washed  with  dilute  hydrochloric  acid  (1  :  2).  Weight  of  precipitate  45.5  g. 

Preparation  from  the  precipitate  of  the  double  compound  C6H5N2CI  ♦  C6H5SbCl2.  The  above  precipitate  (40  g) 
was  stirred  with  160  ml  of  alcohol  for  10  min  at  room  temperature.  The  insoluble  portion  was  separated  and  washed 
with  10  ml  of  alcohol  and  10  ml  of  ether.  Weight  of  product  after  air-drying  20.2  g(537o  reckoned  on  the  antimony 
trichloride). 

Found  <70:  N  6.88;  Sb  30.10;  Cl  26.50.  Ci2HioN2Cl3Sb.  Calculated  7o:  N  6.82;  Sb  29.68;  Cl  25.92. 

Treatment  of  the  alcohol- ethereal  filtrate.  W ith  stirring  and  cooling,  the  filtrate  was  run  into  150  ml  of  ^0 
ammonia.  The  isolated  precipitate  (5  g)  was  treated  at  70*  with  80  ml  of  2  N  sodium  hydroxide  solution.  Treat¬ 
ment  of  the  alkali- insoluble  residue  with  glacial  acetic  acid  gave  3.1  g  of  diphenylstibine  acetate  (C5H5)2SbC)COCH8 
with  m.p.  127*.  From  the  alkaline  filtrate,  after  acidification,  a  precipitate  was  obtained  which  was  recrystallized 
from  30  ml  of  dilute  hydrochloric  acid  (1  :  2)  to  give  0.9  g  of  diphenylstibine  trichloride  with  m.p,  172*. 

6.  Reaction  of  phenylhydrazine  hydrochloride  with  antimony  trichloride  and  phenyldiazonium  chloride  in 
presence  of  cupric  chloride.  An  open  reaction  vessel  was  charged  widi  57.1  g  of  antimony  trichloride,  750  ml  of 
hydrochloric  acid,  38  g  of  phenylhydrazine  hydrochloride,  and  2  g  of  copper  sulfate.  To  the  resulting  mixture  was 
gradually  added,  in  the  course  of  4  hr,  a  solution  of  phenyldiazonium  chloride  prepared  from  32.5  g  of  aniline, 

24.2  g  of  sodium  nitrite,  85  ml  of  hydrochloric  acid,  120  ml  of  water,  and  250  g  of  ice.  After  the  whole  of  the  phen¬ 
yldiazonium  chloride  had  been  added,  the  reaction  mass  was  stirred  for  another  2.5  hr.  The  precipitate  was  separ¬ 
ated  from  the  liquid  and  washed  several  times  with  dilute  hydrochloric  acid  (1  :  2).  Weight  of  precipitate  114  g. 

Preparation  from  the  precipitate  of  the  double  compound  C6H5N2CI  •  C6H5SbCl2.  The  above  precipitate ( 40  g) 
was  treated  with  160  ml  of  alcohol  at  room  temperature  with  stirring  for  10  min.  The  alcohol- insoluble  portion  was 
separated,  washed  with  20  ml  of  alcohol  and  10  ml  of  ether,  and  dried.  Weight  of  precipitate  13.4  g  (43.8^0  cal¬ 
culated  on  the  antimony  trichloride). 

Found  N  7.2;  Sb  29.25,  29.43;  Cl  26.1.  CizHioNzClgSb.  Calculated  N  6.82;  Sb  29.68;  Cl  25.92. 

The  alcohol— ethereal  filtrate  was  stirred  with  external  cooling  into  150  ml  of  5^o  ammonia.  The  resulting 
precipitate  was  treated  at  70*  with  80  ml  of  2  N  sodium  hydroxide  solution.  The  alkali- insoluble  residue  was  treated 
with  glacial  acetic  acid  and  gave  8.3  g  of  diphenylstibine  acetate  (CgH5)2SbOCOCHs. 

Found  Sb  36.1,  36.7.  Ci4Hi302Sb.  Calculated  <70;  Sb  36.34. 

A  precipitate  came  down  from  the  alkaline  filtrate  after  acidification.  After  recrystallization  from  10  ml  of 
dilute  hydrochloric  acid  (1  ;  2)  it  had  m.p.  172*. 


7.  Reaction  between  phenylhydrazine  hydrochloride  and  antimony  trichloride  in  a  hydrochloric  acid  medium 
in  presence  of  cupric  chloride  without  admission  of  air.  The  experimental  conditions  were  the  same  as  in  Expt.  4, 
except  that  the  reaction  was  run  in  a  closed  vessel.  Stirring  was  continued  for  about  300  hr.  An  odor  of  chloroben¬ 
zene  was  detected  when  the  vessel  was  opened.  The  resulting  precipitate  was  separated.  Double  salts  of  the  type 
of  CeHgSbC^  •  NH4CI  were  not  obtained  when  a  saturated  hydrochloric  acid  solution  of  ammonium  chloride  was 
added  to  the  filtrate.  Addition  to  the  filtrate  of  3  liters  of  water  led  to  formation  of  a  white  precipitate  containing 
mainly  inorganic  antimony  compound  and  a  trace  of  hydrated  iron  oxide.  After  drying  at  40*  it  weighed  32.5  g. 

The  precipitate  obtained  after  suction  filtration  of  the  filtrate  did  not  give  a  diazo  reaction  with  0-naphthol.  At¬ 
tempts  to  isolate  diphenylstibine  trichloride  from  the  precipitate  were  unsuccessful.  The  precipitate  dissolved 
nearly  completely  in  hot  water  and  in  dilute  hydrochlwic  acid.  Cooling  of  the  hydrochloric  acid  solution  and  acid¬ 
ification  of  the  aqueous  solution  led  to  separation  of  phenylhydrazine  hydrochlcxide  with  m.p.  220"  (decomp.). 


The  precipitate  was  treated  with  175  ml  of  2fPh  NaOH  and  the  phenylhydrazine  extracted  with  benzene  (two 
lots  of  50  ml  each).  The  benzene  extracts  were  dried  with  20  g  of  solid  sodium  hydroxide  and  filtered.  The  ben¬ 
zene  was  distilled  on  a  water  bath  and  the  phenylhydrazine  distilled  in  vacuo.  Weight  of  phenylhydrazine  10  g; 
b.p.  131*  (15  mm),  m.p.  21*. 

8.  Reaction  of  phenylhydrazine  hydrochloride  with  antimony  trichlcnride  in  presence  of  atmospheric  oxygen 
and  in  absence  of  cupric  chloride.  A  reaction  mass  composed  of  18.1  g  of  phenylhydrazine  hydrochlcwride,  28.5  g  of 
antimony  trichloride,  100  ml  of  hydrochloric  acid  (d  1.19),  and  220  ml  of  water  was  stirred  for  200  hr  in  an  open 
vessel.  No  trace  of  organoantimony  compound  could  be  isolated. 

9.  Reaction  of  phenylhydrazine  hydrochloride,  phenyldiazonium  chloride,  and  antimony  trichloride  in  a  hy¬ 
drochloric  acid  medium  in  absence  of  copper  salts.  To  a  reaction  mixture  containing  28.55  g  of  antimony  trichlo¬ 
ride,  19  g  of  phenylhydrazine  hydrochloride,  and  375  ml  of  hydrochloric  acid  was  added  a  phenyldiazonium  chloride 
solution  prepared  from  16.25  g  of  aniline,  12.1  g  of  sodium  nitrite,  42.5  ml  of  hydrochloric  acid  (d  1.19),  60  ml  of 
water,  and  125  g  of  ice.  After  stirring  for  40  hr,  the  precipitate  (17.3  g)  was  separated.  Diphenylstibine  trichloride 
and  diphenylstibine  acetate  could  not  be  isolated  when  the  precipitate  was  worked  out. 

SUMMARY 

1.  A  method  of  preparation  of  secondary  antimonioaromatic  compounds  is  based  on  reaction  of  an  arylhydra- 
zine  hydrochloride  with  antimony  trichloride  in  a  hydrochloric  acid  medium  in  presence  of  atmospheric  oxygen  and 
catalytic  quantities  of  cupric  chloride.  A  mechanism  of  the  reaction  is  proposed. 

2.  Reaction  of  phenyldichlorostibine  with  cupric  chloride  gave  phenylstibine  tetrachloride  which  was  separ¬ 
ated  in  the  form  of  a  double  salt  with  ammonium  chloride. 
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Interaction  of  nitriles  with  water  at  low  temperatures  in  presence  of  hydrogen  chloride  in  nonaqueous  solvents 
gives  salt-like  compounds  (1)  whose  most  probable  structure  corresponds  to  the  formula  of  immoniumhydrin  chlo¬ 
rides  [1,  2].  It  was  shown  [3,  4]  that  under  similar  conditions  immoniumhydrin  chlorides  are  also  formed  by  inter¬ 
action  of  nitriles  widi  tertiary  alcohols  (2)  and  acids  (3). 

RCN  +  H2O  -j-  IICI  - 

nCN  +  R'OH  +  2HC1  - ► 

RCN -f  2R'COOH -f  HCI - ► 

In  all  probability  these  reactions  start  with  interaction  of  the  nitrile  with  hydrogen  chloride.  The  molecular 
compound  (I)  is  formed  due  to  the  presence  at  the  nitrogen  atom'  of  the  nitrile  group  of  a  free  electron  pair  with 
strong  electron- donating  properties. 

RCN  +  HCl  RCN...HCI  ^  [rC=NH  -t - ►  r6=NH]cI- 

(I)  (11) 


\OH 


CI¬ 


RC 


NH5 


\OH 


C1--1-  R'Cl 


RC<f  ■  I  Cl--f  (R'COIjO 
^OII 


(1) 

(2) 

(3) 


Compound  (I)  must  be  strongly  polarized  (the  CHsCN  .  .  .  BFs  complex  has  a  dipole  moment  of  7.7  D  [5])  and 
this  evidently  indicates  the  transition  of  the  "outer*  complex  compound  (I)  to  the  "inner"  complex  compound  (II) 
[6]  whose  cation  can  (by  analogy  with  Meerwein’s  N-substituted  nitrilium  salts  [7])  react  as  a  nitrilium  or  a  car- 
bonium  ion.  Consequently  the  molecular  compound  of  the  nitrile  with  hydrogen  chloride  easily  adds  on  water  and 
other  nucleophilic  reactants; 


(I) 


R'OH 

(II)  rRC=NniCl- - 

J 

R"^  \h 


RC=NH2j+Cl- 

*OR' 

(lit) 


(5) 


At  the  same  time,  notwithstanding  the  presence  of  hydroxyl- containing  compounds  [1]  nitriles  can  form  with 
hydrogen  chloride  fairly  stable  compounds  to  which  the  structure  of  immonium  chloride  chloride  has  been  assigned 
[8]: 

RCN  -f-211Cl 

C1  (6) 

(IV) 

The  latter  react  with  water,  alcohols,  and  acids  in  the  following  manner; 


RC=NH2j+Cl-+  R'OH 
Cl 


RC=NH2 


OR' 


(HI) 


(7) 
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TABLE  1.  Preparation  of  Substituted  Benzimmoniumhydrin  Chlorides 

r  ^  Nil,  -1+ 

[■>C.H.C<o„  Jc- 


(temperature  0-5*,  dioxane  as  solvent) 


Initial  nitriles  RCN 

is 

0  fl 

* 

Initial  nitriles  RCN 

_ 

0  ^ 

• 

R 

concen¬ 

tration 

(molar) 

=  c 

2  0 

Q 

'3 

R 

concen - 

tration 

(molar) 

C  CJ 

2  0 

3 

Q  a 

■p 

Reactant: 

water*  * 

p-NOj 

0.2 

90 

84 

p-COOH 

0.2 

90 

58 

0.2 

no 

40 

P-Cl 

0.5 

90 

70 

0-NO2 

0.2 

500 

0 

p-Br 

0.5 

90 

60 

p-COOH 

0.2 

90 

80 

P''CH3 

0.5 

no 

46 

p-Br 

0.2 

90 

53 

H 

0.5 

.500 

0 

p-CI 

0.2 

90 

44 

PCH3O 

0.5 

500 

0 

p-CH, 

0.2 

240 

23 

P-CII3 

1.25 

90 

65 

Reactant:  acetic  acid*  *  * 

II 

0.2 

500 

0 

II 

1.25 

90 

57 

P-NO2 

0.2 

90 

51 

p-CHiO 

0.2 

500 

0 

JK-NO2 

0.5 

90 

44 

P-CII3O 

1.25 

500 

0 

p-COOII 

0.2 

90 

51 

p-Br 

0.5 

90 

2t 

Reactant: 

dimethylethyl  carbinol*  • 

p-ci 

P-CH3 

0.5 

0.5 

90 

200 

18 

11 

H 

0.5 

500 

0 

P-NO2 

0.2 

90 

70 

P-CH3O 

0.5 

500 

0 

^-NO, 

0.5 

90 

63 

•The  yield  of  salts  was  calculated  from  the  nitrogen  content  of  the  precipitate  because 
the  salts  are  unstable  and  the  chlorine  content  is  slightly  below  the  calculated  value. 

•  •  Molar  nitrile /reactant  ration  1:1. 

•  •  •  Molar  nitrile /reactant  ratio  1  ;  2. 

Each  of  the  schemes  submitted  above  has  two  steps:  reaction  of  nitrile  with  hydrogen  chloride  (4,  6)  and  re¬ 
action  with  a  nucleophilic  hydroxyl  compound  (5,  7).  In  order  to  establish  which  step  is  rate- determining,  a  study 
was  made  of  die  influence  of  substituents  in  benzonitrile  on  the  rate  of  formation  of  the  corresponding  immonium- 
hydrin  chlorides. 

We  see  from  Table  1  that  in  all  of  the  three  series  of  experiments  the  activating  action  of  substituents  on  the 
reaction  rate  decreases  in  the  following  sequences: 

1)  p- substituents:  NOj  >  COOH  >  Cl,  Br  >  CH,  >  H  »  OCH3; 

2)  p-NOjj  >  m-NOj  »  0-NO2. 

Consequently  the  more  negative  is  the  electron  effect  manifested  by  the  substituent  in  the  para- position,  the 
greater  is  the  facility  as  a  rule  with  which  reactions  (1-3)  take  place.  Due  to  the  inductive  and  conjugative  effects 
resulting  from  the  presence  of  negative  substituents  in  benzonitrile,  the  electron  density  at  the  carbon  atom  of  the 
nitrile  group  is  lowered;  hence  the  rate- determining  step  in  the  interaction  of  nitriles  with  hydrogen  chloride  and 
hydroxyl  compounds  in  the  step  of  nucleophilic  attack  (5,  7). 

The  lower  rate  of  formation  of  m-nitrobenzimmoniumhydrin  chloride  in  comparison  with  that  of  the  corre¬ 
sponding  para- isomer  is  due  to  the  activating  action  of  the  substituent  in  the  former  case  being  caused  only  by  the 
inductive  effect,  whereas  in  die  second  case  there  is  in  addition  the  effect  of  conjugation  of  the  nitro  group  with 
the  benzene  ring.  In  presence  of  hydrogen  chloride  o-nitrobenzonitrile  is  not  hydrated,  evidently  due  to  steric 
hindrance. 
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We  cannot  ignore  the  fact  that  a  conspicuous  exception  to  this  rule  is  p- tolunitrile  which,  while  bearing  a 
positive  substituent,  is  in  front  of  benzonitiile  in  the  above  series.  We  suggested  that  the  relative  ease  with  which 
p- tolunitrile  enters  into  the  reactions  in  question  is  due  to  the  activating  effect  of  the  para- methyl  substituent  in 
reactions  (4,  6).  This  substituent  promotes  further  migration  of  electrons  to  the  nitrogen  (the  dipole  moment  of  p- 
tolunitrile  is  4.37  D,  that  of  benzonitrile  is  4.08  D  [9])  and  thereby  facilitates  its  nucleophilic  reactions.  Hence  In 
the  present  case  the  rate  of  formation  of  immoniumhydrin  chlorides  is  determined  not  only  by  the  step  of  interaction 
with  the  nucleophilic  reactant,  but  also  by  the  step  of  interaction  of  nitrile  with  hydrogen  chloride.  The  reaction  of 
p- tolunitrile  with  hydrogen  chloride  (in  the  absence  of  nucleophilic  reactants)  is  consistent  with  this  hypothesis; 
tolunitrile  readily  forms  a  salt- like  product  containing  two  moles  of  hydrogen  chloride  per  mole  of  nitrile  (evident¬ 
ly  the  immonium  chloride  chloride),  but  the  latter  is  not  famed  from  benzonitrile  under  the  same  conditions.  It 
should  be  noted  that  p-methoxybenzonitrile  forms  a  similar  compound  with  still  greater  facility  than  tolunitrile  even 
in  presence  of  water,  alcohol,  or  acetic  acid.  At  the  same  time,  however,  the  same  positive  methoxyl  substituent 
completely  suppresses  nucleqihilic  attack  (7),  and  p-methoxybenzimmoniumhydrin  chloride  is  not  formed. 

On  the  basis  of  the  experimental  data  for  reaction  of  strongly  nucleophilic  nitriles  with  hydrogen  chloride,  we 
must  assume  that  in  the  present  case  the  formation  of  immoniumhydrin  chlorides  starts  predominantly  from  reaction 
(6).  For  nitriles  with  intensified  electrophilic  reactivity,  however,  equations  (4,  5)  are  more  probable. 

The  immoniumhydrin  chlorides  (except  benzimmoniumhydrin  chloride)  and  p-methoxybenzimmonium  chlo¬ 
ride  prepared  in  this  work  are  described  by  us  for  the  first  time. 

EXPERIMENTAL 

Initial  substances.  p-Nitrobenzonitrile.  A  solution  of  5  g  ofp-nitrobenzaldehyde  (prepared  from  p-nitroben- 
zaldehyde  [10])  in  6  ml  of  acetic  anhydride  was  gently  refluxed  for  3  hr.  The  hot  solution  was  poured  onto  ice;  the 
nitrile  was  filtered,  washed  free  of  acetic  acid,  and  dried;  m.p.  146-147*  (from  water)  (147*  [11]). 

m-Nitrobenzonitrile.  Prepared  from  m- nitrobenzaldehyde  by  the  above  procedure;  m.p.  117*  (from  water) 
(117*  [11]). 

The  remaining  nitriles  were  prepared  by  the  Sandmeyer  reaction  from  the  corresponding  substituted  anilines: 
o-nitrobenzonitrile  [12]),  m.p.  109*  (from  CCI4)  (109-110*  [11]);  p- tolunitrile  [13],  m.p.  25-26*  (25-27*  [13]);  p- 
cyanobenzoic  acid  [14],  m.p.  215-222*  (from  methanol)  (220*  [14]);  p-chlorobenzonitrile,  m.p.  94*  (94-96*  [11]); 
p-bromobenzonitrile,  m.p.  112-113*  (113*  [11]);  p-methoxybenzonitrile  [15],  m.p.  62-63*  (61-62*  [11]). 

All  reactants  and  solvents  were  freed  of  water. 

Preparation  of  chlorides  of  substituted  benzimmoniumhydrins.  Immoniumhydrin  chlorides  were  prepared,  as 
described  earlier  [1-4],  by  saturation  of  a  solution  of  the  nitrile  and  the  reactant  in  dioxane  with  dry  hydrogen  chlo¬ 
ride  at  0-5*.  The  solution  was  held  at  that  temperature  for  the  period  indicated  in  Table  1.  Hydrolysis  of  the  im¬ 
moniumhydrin  chlorides  gave  the  free  amides.  Constants  of  the  resulting  products  are  set  forth  in  Table  2.  The  im¬ 
moniumhydrin  chlorides  are  slowly  hydrolyzed  in  the  air. 

Preparation  of  chlorides  of  substituted  benzimmonium  chlorides.  Dry  hydrogen  chloride  was  passed  through 
4  ml  of  1.25  M  solution  of  p-tolunitrile  in  dioxane  at  0-5*  until  a  precipitate  appeared.  The  p-methylbenzimmo- 
nium  chloride  was  washed  with  absolute  ether  and  dried. 

Found  %;  Cl  34.1.  CgHgNClz.  Calculated  ‘7o:  Cl  37.4. 

The  precipitate  was  an  extremely  unstable  crystalline  substance  which  decomposed  in  dry  air  at  20*  to  hy¬ 
drogen  chloride  and  the  initial  nitrile  within  only  15-20  min  after  separation. 

The  chloride  of  p-methoxybenzimmonium  chloride  was  prepared  similarly. 

Found  Cl  33.8.  CgHgONClj.  Calculated  <70:  Cl  34.5. 

Unlike  the  preceding  substance,  p-methoxybenzimmonium  chloride  chloride  is  a  fairly  stable  substance  (in 
the  absence  of  atmospheric  moisture).  In  a  desiccator,  after  24  hr,  the  chlorine  content  falls  to  2^o.  It  is  com¬ 
pletely  hydrolyzed  by  water  to  the  initial  nitrile  and  hydrogen  chloride. 


TABLE  2.  Analysis  and  Melting  Points  of  Chlorides  of  Substituted  Benzimmoniumhydrins 
and  the  Corresponding  Amides 


Benzimmoniumhydrin  chlorides 

RC.H.C(  Cl 

^OH  J 

1- 

Melting  point  of  amines 

1 

melting 

1  point 
.  (decomp.) 

chloride  content  (ionic)  | 

found 

literature 

data  [11] 

found, 
00)  1 

empirical 

formula 

calc. 

00) 

p-  N  O2 

1 74_  1 7()0 

17.0 

C7n703N2Cl 

17..i 

200—201 

201 

p-COOU 

— 

12.0 

C«1I„03NCI 

17.6 

256  • 

250 

p-  Hr 

i7r)-iso 

14.6 

C7H70NBrCl 

1.5.0 

190—191 

189-190 

p-CI 

175— 17H 

18.6 

C7ll70i\Cl2 

18.5 

179—180 

179 

jh-N  0, 

— 

13.1 

C7ii70,N-.(:i 

17.5 

142—143 

141-143 

P-Cllf, 

175-177 

1 

19.9 

c«h,„6nci 

20.7 

161 

165 

•Sublimation  temperature.  Found  N  8.67.  C8H7OSN.  Calculated *7o;  N  8.50. 


SUMMARY 

1.  A  study  was  made  of  the  interaction  of  substituted  benzonitriles  and  hydrogen  chloride  with  water,  di- 
methylethyl  carbinol,  and  acetic  acid.  Six  chlorides  of  substituted  benzimmoniumhydrins  and  the  chlorides  of  p- 
methoxybenzimmonium  chloride  were  prepared. 

2.  In  the  majcxity  of  these  reactions  the  rate- determining  step  is  the  action  of  the  nucleophilic  reactant  on 
the  product  of  interaction  of  the  nitrile  with  hydrogen  chloride. 

LITERATURE  CITED 

1.  E.  N.  Zil'berman  and  A.  E.  Kulikova,  ZhOKh  29,  1694  (1959). 

2.  A.  E.  Kulikova,  E.  N.  Zil’berman,  and  N.  A.  Sazanova,  ZhOKh  30,  2180(1960). 

3.  E.  N.  Zil’berman  and  A.  M.  Sladkov,  ZhOKh  31,  245  (1961). 

4.  E.  N.  Zil’berman,  ZhOKh  30,  1277  (1960). 

5.  W.  Nespital,  Z.  phys.  Ch.  jl6,  153  (1932). 

6.  R.  S.  Mulliken,  J.  phys.  Ch.  801  (1952). 

7.  H.  Meerwein,  P.  Laasch,  R.  Mersch,  and  J.  Spiele,  Chem.  Ber.  209  (1956). 

8.  F.  Klages  and  W.  Grill,  Lieb.  Ann  594  ,  21  (1955). 

9.  T.  L.  Brown,!.  Am.  Chem.  Soc.  81,  3232  (1959). 

10.  S,  Gabriel  and  M.  Herzberg,  Ber.  _16,  2000  (1883). 

11.  Diet.  Org.  Compounds,  Vol.  1,  2,  3. 

12.  V.  Migrdichian,  The  Chemistry  of  organic  cyanogen  Compounds  (1947). 

13.  Synth.  Org.  Prep.  1,  291  (1949). 

14.  R.  U.  Muller  and  O.  Gisvold,  J.  Am.  Pharm.  Ass.  367  (1953). 

15.  Preparative  Organic  Chemistry,  471  (1959). 


909 


INVESTIGATIONS  ON  FURANS 

XIV.  SYNTHESIS  OF  y-KETOCARBOXYUC  ACIDS 
AND  y-LACTONES  FROM  FURYLALKYLCARBINOLS 
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Saratov  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  3, 

pp.  984-989,  March,  1961 

Original  article  submitted  February  24,  1960 

The  cleavage  of  the  furan  ring  of  furylcarbinols  under  the  influence  of  inorganic  acids,  leading  to  formation 
of  y-ketocarboxylic  acids  ot  their  esters,  has  been  known  for  over  30  years  and  has  been  the  subject  of  numerous 
investigations  [1-9].  In  the  USSR  outstanding  work  in  this  field  has  been  carried  out  by  M.  I.  Ushakov  and  V.  F. 
Kucherov  [10-13].  It  cannot  be  said  that  the  mechanism  of  this  reaction  has  been  conclusively  established.  Leger 
has  proposed  the  most  plausible  scheme  [5]; 


n 


-CII(OII)U 


+HOn 


'"\l 

n/\o^\cn(on)n 


-HOII 


MO\| 

I, /''O' 


Jc=cn-R 


Isomerization 


II^C - CII 

oJ:  L 

/q/ 


n..c- 


CII,R 


+  110H 


^on 


cii, 

I 

r.O-CHjjR 


Other  ideas  have  been  advanced  in  [3,  10,  11]. 

In  spite  of  its  great  preparative  importance,  this  reaction  has  been  studied  only  with  lower  members  of  the 
family  of  furylalkylcarbinols  containing  alkyl  radical  up  to  C5.  Yields  of  the  corresponding  ketocarboxylic  acids 
and  of  their  esters  vary  over  a  wide  range  (between  7  and  52Plo). 

The  objective  of  the  present  investigation  was  the  study  of  the  synthesis  by  this  route  of  higher  ketocarboxylic 
acids  and  their  further  transformation  into  the  corresponding  y -lactones.  The  latter  are  of  great  practical  value, 
yet  simple  and  cheap  methods  fca:  their  preparation  have  not  previously  been  known.  We  have  now  synthesized  a 
series  of  alkylfurylcarbinols,  starting  from  furfural  and  the  appropriate  organomagnesium  compounds  (see  Table  1). 
Compounds  (III)  and  (IV)  have  been  prepared  for  the  first  time. 

We  effected  the  cleavage  of  furylcarbinols  by  heating  their  solutions  in  absolute  alcohol  containing  0.4-0.5^o 
of  HCl.  In  this  way  a  yield  of  about  44Vo  was  obtained  of  the  ethyl  esters  of  the  y-ketocarboxylic  acids  whose  prop¬ 
erties  and  analyses  are  set  forth  in  Table  2.  Hydrolysis  of  the  ketoesters  leads  to  the  free  acids  in  a  yield  of  up  to 
987®.  In  this  manner  we  isolated  y -ketononanoic  acid  (IX),  8-methyl-4-ketononanoic  acid  (X),  and  y -ketohendeca- 
noic  acid  (XI). 

Subsequent  hydrogenation  was  performed  on  the  aqueous  solutions  of  the  potassium  salts  of  the  ketoacids  which 
were  prepared  by  heating  the  conesponding  esters  of  ketoacids  (V,  VI,  VII)  with  aqueous  potassium  hydroxide  until 
completely  dissolved.  Hydrogenation  was  effected  under  pressure  at  60-100*  in  presence  of  Raney  nickel.  Acidifica¬ 
tion  and  extraction  of  the  hydrogenated  product  with  ether  were  followed  by  distillation  in  vacuo  which  gave  the 
corresponding  y -lactones  in  yields  of  up  to  92%  (Table  3). 

y- Lactones  containing  alkyl  radicals  in  the  6-position  can  thus  be  obtained  from  furfural  by  a  three-step 
synthesis  in  which  the  intermediates  are  furylalkylcarbinol  and  ketoacid  ester. 
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TABLE  1.  Furylcarbinols  !^q/-ch(oh)ii 


“O - 

o 

c 

2  o’ 
J3 

3 
</5 

It 

1  ^ 

Bc»iling  point 
(pressure  in 
mm) 

A/«, 

found 

calc. 

1 

(I) 

-CIljClI^CHal'-ll  1  • 

76 

87-88°  (5) 

1.4725 

(II) 

— ClIsCIUClMCIh),  •* 

64.5 

98—100(5) 

1.4715 

— 

— 

_ 

(HI) 

-CIl2(CH2)<CH3 

63 

107—108(4) 

1.4726 

0.9663 

52.89 

53.03 

(IV) 

-CII{CH2)5CH3 

51.3 

114—117(4) 

1.4615 

0.9367 

61.67 

62.27 

1 

CM, 

1 

•  Literature  data;  b.p.  94-96*  (2  mm),  n*D  1.4710,  0.9931  [2];  b.p.  78-80(3  mm) 

n*®D  1.4765,  a“4  1.0011  [14]. 

•  •  Literature  data:  b.p.  110*  (8  mm),  n**D  1.4794,  d**4  0.9882  [15]. 

EXPERIMENTAL 

Furylalkylcarbinols.  Prepared  by  reaction  of  furfural  with  n-C4H9MgBr,  iso-CsHuMgBr,  n-CjHjsMgBr,  and 
sec-CgHiyMgBr.  The  synthesis  conditions  are  illustrated  by  the  following  example. 

Furyl- n-hexylcarbinol.  n-Hexylmagnesium  bromide  was  prepared  in  the  usual  way  from  7.4  g  of  magnesium 
and  50  g  of  n-hexyl  bromide  in  150  ml  of  absolute  ether  in  a  three- necked  flask  equipped  with  mechanical  stirrer, 
separating  funnel,  and  reflux  condenser  topped  by  a  calcium  chloride  tube.  With  constant  stirring  24  g  of  freshly 
distilled  furfural  in  30  ml  of  absolute  ether  was  then  added  from  the  dropping  funnel  at  a  speed  such  that  the  reac¬ 
tion  mixture  did  not  heat  up  appreciably.  After  the  whole  of  the  furfural  had  been  added,  the  mixture  was  heated 
on  a  water  bath  with  gentle  boiling  of  the  ether  for  2  hr,  and  then  run  into  a  conuiner  of  crushed  ice.  The  ether 
layer  was  decanted  and  the  aqueous  layer  decomposed  widi  saturated  ammonium  chloride  solution  and  extracted 
with  ether.  The  combined  ethereal  extracts  were  washed  with  freshly  prepared  sodium  bisulfite  solution  (for  removal 
of  unreacted  furfural);  further  washing  was  effected  successively  with  saturated  sodium  carbonate  solution  and  distilled 
water  (50  ml  of  each);  this  was  followed  by  drying  with  calcined  sodium  sulfate.  After  removal  of  the  ether,  the  res¬ 
idue  was  distilled  at  4  mm  and  the  107-108*  fraction  was  collected.  Yield  28.6  g{63%). 

Found  ^0:  C  72.72,  73.17;  H  9.95,  9.74;  OH  9.48.  CnHigOj.  Calculated  <7o:  C  72.48;  H  9.90;  OH  9.33. 

Ketoacids  and  their  ethyl  esters.  The  following  procedure  was  employed  for  cleavage  of  each  of  the  furylal¬ 
kylcarbinols  (1-IV). 

Synthesis  of  ethyl  ester  of  y -ketohendecanoic(hexyllevulinic)  acid.  To  20  g  of  hexylfurylcarbinol  was  added 
80  ml  of  0.4%  solution  of  hydrogen  chloride  in  absolute  alcohol,  and  the  mixture  was  heated  on  a  water  bath  for 
3  hr.  Two- thirds  of  the  alcohol  was  then  driven  off  and  the  residue  poured  into  saturated  potassium  carbonate  solu¬ 
tion.  The  oily  layer  was  exhaustively  extracted  with  ether  (5  lots  of  25  ml).  The  combined  ethereal  extracts  were 
dried  with  calcined  potassium  carbonate,  the  ether  driven  off,  and  the  residue  distilled  at  5  mm.  The  138-139*  frac¬ 
tion  was  collected.  Yield  10.8  g(43.2%). 

Hydrolysis  of  1.5  g  of  estet(VII)  with  aqueous  potassium  hydroxide  solution  followed  by  acidification  of  the 
salt  solution  with  hydrochloric  acid  led  to  separation  of  1.15  g  (97.5%)  of  free  y-ketohendecanoic  acid  (hexyl- 
levulinic)  acid  (XI)  in  the  form  of  colorless  crystals  with  m.p.  78-79*  (from  ligroine);  semicarbazone,  m.p.  129-130*. 

Analysis  of  the  acid. 

Found  %:  C  66.00;  H  10.27;  acid  number*  205.4  ,  211.3.  CnHjgOj.  Calculated%;  C  65.97;  H  10.07;  acid 
number  200.27. 
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Literature  data:  b.p.  136*  (13  mm),  n“-®D  1.4462,  d^*-®4  0.9672  [16]. 

•  Literature  data:  b.p.  145*  (14  mm),  n^D  1.4462,  d^4  0.9514  [16]. 

•  •  Literature  data:  b.p.  167-168.6*  (15.5  mm),  n^*D  1.4514,  d°4  0.9550  [17]. 


Analysis  of  semicarbazone. 

Found  <70;  N  16.24,  16.56.  CijHjjOsNs.  Calculated  <7o:  N  16.37. 

From  ester  (V)  was  prepared  y -ketononanoic  acid  (IX)  witfi  m.p.  68-69*  (m.p.  71*  [12]);  from  ester  (VI)  was 
prepared  8- methyl- 4- ketononanoic  acid  (X)  with  m.p.  63-64"  (m.p.  63-64*  [7]). 

y- Lactones  were  prepared  by  hydrogenation  of  the  potassium  salts  of  the  ketoacids  followed  by  distillation  of 
the  hydroxyacids  formed  after  acidification  of  the  hydrogenated  product.  A  typical  preparation  is  now  given. 

Synthesis  of  y-heptylbutyrolactone.  Ethyl  y -ketohendecanoate  (12  g)  was  heated  on  a  water  bath  with  a  solu¬ 
tion  of  3.2  g  of  KOH  in  30  ml  of  water  until  completely  dissolved  (2-3  hr).  The  solution  was  then  transferred  to  a 
150  ml  rotating  autoclave,  1.2  g  of  Raney  nickel  was  added,  and  hydrogenation  carried  out  at  80-100*  and  50  atm 
hydrogen  pressure.  Hydrogenation  came  to  an  end  after  absorption  of  the  calculated  quantity  of  hydrogen  (4  hr). 

The  catalyst  was  removed  by  filtration;  the  hydrogenated  product  was  acidified  with  hydrochloric  acid  until  acid  to 
Congo  and  extracted  with  ether.  The  extract  was  washed  several  times  with  distilled  water  and  dried  with  calcined 
sodium  sulfate.  The  residue  after  distillation  of  die  ether  was  distilled  at  5  mm  and  the  141-142*  fraction  collected. 
Yield  7  g(72.2‘7o).  The  residue  in  the  distillation  flask  was  recrystallized  from  ligroine  and  1.5  g  of  y-ketohende- 
canoic  acid  was  isolated.  Hence  the  yield  on  the  acid  entering  into  reaction  was  84.37o. 

SUMMARY 

1.  Cleavage  of  n-butyl-,  isoamyl-,  n-hexyl-,  and  sec-octylfurylcarbinols  in  absolute  alcohol  solution  in 
presence  of  0.3-0. 4^7©  HCl  leads  to  44<7t>  yields  of  ethyl  esters  of  y -ketoacids  (y- ketononanoic,  8- methyl-4- keto¬ 
nonanoic,  y-ketohendecanoic,  6- methyl-4- ketododecanoic).  The  potassium  salts  of  the  corresponding  acids  pre¬ 
pared  from  the  esters  are  converted  by  hydrogenation  in  aqueous  solution  to  salts  of  y -hydroxyacids;  distillation  of 
the  free  hydroxyacids  gives  y-alkylbutyrolactones. 

2.  The  properties  of  the  not  previously  prepared  n-hexyl-  and  sec-octylfurylcarbinols  are  described,  also  those 
of  the  ethyl  esters  of  isoamyllevulinic,  hexyllevulinic,  and  6- methyl-4- ketododecanoic  acids. 
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Numerous  papers  on  die  field  of  aminosugars  have  been  published  in  recent  years  due  to  the  great  interest  in 
this  class  of  compounds,  but  very  few  of  them  deal  with  the  open  forms  of  deoxy aminosugars.  Only  corresponding 
derivatives  of  natural  substances  have  been  prepared— 2-deoxy-2-amino-D-glucose  [1]  and  2- deoxy- 2- amino- D- 
galactose  [2]. 

Our  objective  in  the  present  work  was  to  synthesize  mercaptals  of  w-deoxy-w-aminomonoses  of  the  general 
formula  (RS)2CH-(CHOH)n— (CH2NH2  (V).  Two  possible  routes  were  worked  out:  1)  Preparation  of  deoxyamino- 
sugars  by  the  action  of  ammonia  on  w-tosyl  derivatives  of  monoses  (or  monosides)  and  their  subsequent  mercaptola- 
tion;  2)  preparation  of  mercaptals  of  w-tosylmonoses  and  their  treatment  with  ammonia  with  the  aim  of  replace¬ 
ment  of  the  tosyl  group: 
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Diacetone-6-deoxy-6-amino-D-galactose  was  obtained  in  the  form  of  the  p- tosyl  salt  (II)  by  scheme  (1)  from 
diacetone-6- tosyl- D- galactose  by  Freudenberg's  method  [3]  which  we  modified  slightly  at  the  working-up  stage. 
Direct  mercaptolation  (after  detachment  of  thq  acetone  groups)  did  not  lead  to  a  crystalline  mercaptal.  Difficulties 
in  the  mercaptalation  of  aminosugars  are  also  reported  in  the  literature  [1].  However  a  well- crystallized  dibenzyl- 
mercaptal  of  6- deoxy- 6- benzoylamino-D- galactose  (I)  was  formed  on  mercaptalation  of  the  N-benzoyl  derivative 
of  the  aminosugar  6-deoxy-6-benzoylamino-D- galactose. 
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We  also  selected  for  investigation  by  scheme  (1)  a  substance  with  unsubstituted  OH  groups- 6- tosyl-a-methyl- 
D-galactoside-  as  suggested  by  the  work  of  Cramer  and  Otterbach  [4]  who  started  from  6-tosylglucosides  and  ob¬ 
tained  derivatives  of  6-deoxy-6-amino-D-glucose.  However,  no  trace  of  the  expected  deoxyaminosugar  was  found 
after  treatment  of  6- tosyl-a- methyl- D-galactoside  with  ammonia,  the  only  product  being  a  derivative  of  3,6-anhy- 
dro- D- galactose . 

An  attempt  was  made  to  prepare  the  dibenzylmercaptal  of  6- tosyl-D- galactose  (III)  in  connection  with  a 
study  of  scheme  (2).  Performance  of  the  synthesis  by  the  two  methods,  however,  gave  us  a  mercaptal  anhydride 
instead  of  substance  (III).  It  did  not  enter  into  reaction  witfi  ammonia  and  in  all  experiments  was  recovered  un¬ 
changed.  In  the  light  of  this  behavior  and  of  the  case  of  formation  of  derivatives  of  3, 6- anhydro-D- galactose  from 
6- tosyl-D- galactose  and  its  derivatives  (fa  example  see  [8]),  the  anhydride  that  we  obtained  must  be  assigned  the 
formula  of  the  dibenzylmercaptal  of  3, 6- anhydrido-D- galactose  (IV).  Hence  attempts  at  synthesis  of  (III)  by  scheme 
(2)  were  not  successful. 

EXPERIMENTAL 

I.  Preparation  of  the  dibenzylmercaptal  of  6-deoxy-6-benzoylamino-D-galactose  (I).  1)  Tosylate  of  diace- 
tone- 6- deoxy- 6- amino- D- galactose  (11).  Diacetonegalactose  was  prepared  by  the  method  of  [6]  which  is  very  much 
more  convenient  than  earlier  methods.  Tosylation  was  perfamed  by  the  procedure  of  [7].  Over  a  period  of  14  hr 
6.3  g  of  recrystallized  diacetone-6-tosyl-D-galactose  with  m.p.  87-89*  (from  alcohol)  was  heated  at  110-120*  with 
50  ml  of  methanol  saturated  with  ammonia  at  0*.  Evaporation  of  the  solvent  and  ammonia  in  vacuo  left  6.6  g  of 
solid  product  which  was  waked  up  many  times  with  ether.  Weight  of  residue  5.7  g  (87%).  Diacetone- 6- deoxy- 6- 

amino-D- galactose  p-tosylate  is  readily  soluble  in  water,  methanol,  and  pyridine;  m.p.  182*  (from  methanol  +  ether). 
[a]“D-31*  (methanol,  c  2,015). 

Found  %;  N  3.50,  3.77.  Ci9H290gNS.  Calculated  %:  N  3.25. 

The  ethereal  extract  contained  0.8  g  of  viscous  substance.  A  considerable  quantity  (about  50%)  of  the  initial 
substance  was  recovered  unchanged  if  amination  was  conducted  fa  only  4  hr  (at  100*).  The  recovered  product  was 
easily  separated  from  the  salt  by  treatment  with  ether.  Freudenberg  [3]  obtained  liquid  diacetone- 6- deoxy- 6- amino- 
D- galactose  together  with  the  secondary  amine  in  a  total  yield  of  50%. 

2)  Diacetone-6-deoxy-6-benzoylamino-D-galactose.  A  mixture  of  1.5  g  of  the  above- described  p-tosylate 
(II)  and  0.8  g  of  benzoyl  chlaide  in  10  ml  of  10%  NaOH  was  shaken;  yield  1.4  g.  The  compound  readily  recrystal¬ 
lizes  from  heptane  (50  ml  per  g);  small  coalescent  needles  with  m.p.  131-131.5*;  the  literature  [31  gives  m.p.  132.5* 
(from  methanol). 

3)  Mercaptalation  of  6-deoxy-6-benzoylamino-D-galactose.  Diacetone- 6- deoxy- 6-benzoylamino- D-galac- 
tose  (0.65  g)  was  deacetonated  by  heating  with  2  N  sulfuric  acid  at  70-85*  fa  2  hr  until  the  crystals  disappeared; 
the  solution  was  repeatedly  treated  with  BaCOj  until  the  sulfuric  acid  had  been  removed.  Evapaation  in  a  vacuum- 
desiccata  gave  0.55  g  of  noncrystallizing  6-deoxy- 6-benzoylamino- D- galactose.  This  substance  was  shaken  with 
0.45  g  of  benzylmercaptan  (b.p.  76*  at  8  mm)  in  3  ml  of  cone.  HCl  fa  3  hr.  A  dense,  solid  mass  was  found  in  the 
maning;  a  little  methanol  was  added,  and  the  crystals  were  separated,  washed  with  methanol,  and  recrystallized 
from  alcohol.  The  dibenzylmercaptal  of  6- deoxy- 6- benzoylamino-D- galactose  (I)  is  appreciably  soluble  in  the 
cold  in  methanol  and  ethanol,  insoluble  in  ether,  chlaoform,  and  heptane;  soluble  with  heating  in  ethyl  acetate. 
M.p.  154.5-155*,  [a]^D  +  3T  (CH3OH,  c  0.282). 

Found  %;  N  2.75,  2.87.  C27H3iO^NS2.  Calculated  %:  N  2.73. 

4)  Experiments  on  mercaptalation  of  6-deoxy-6-amino-D-galactose.  a)  A  mixture  of  2.25  g  of  diacetone- 
6- deoxy- 6- amino- D- galactose  p-tosylate  (II),  4  g  of  freshly  fused  zinc  chloride,  4  ml  of  cone.  HCl,  and  1.3  g  of 
benzylmercaptan  was  shaken  for  25  hr;  water  was  then  added;  the  product  was  collected,  freed  of  HCl  and  water  in 
a  vacuum  (towards  the  end  with  addition  of  alcohol),  and  purified  by  passage  in  methanol  solution  through  resin 
EDE-10  P.  Our  experiments  showed  the  latter  operation  to  be  very  convenient  fa  purification  of  products  of  mer¬ 
captalation.  There  was  obtained  0.6  g  of  dark,  noncrystallizing  substance.  It  was  benzoylated  with  one  mole  of 
benzoyl  chloride  in  pyridine  to  give  a  viscous  mass. 
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b)  Noncrystalline  6-deoxy-6-amino-D- galactose  (0.4  g),  prepared  from  compound  (II)  by  passage  through 
anion-exchangp  resin  EDE-10  P  (OH  form)  followed  by  deacetonation  as  described  in(3)  above,  was  shaken  for  26  hr 
with  0.55  g  of  benzylmercaptan  in  3.5  ml  of  cone.  HCl.  A  solid  product  was  not  formed. 

II.  Amination  of  6»tosyl- a-methyl-D-galactoside.  1)  Tosyl-ct- methyl- D-galactoside  was  prepared  by  the 
literature  methods;  tosylation  of  a -methyl- D-galactoside  [8]  and  glucosidation  of  6-tosyl-  6-D-galactose  [9].  For 
synthesis  by  the  first  method  we  used  a- methyl- D-galactoside  prepared  by  die  literature  method  [10],  without  sep¬ 
aration  of  contaminating  isomer;  from  8.9  g  of  dehydrated  galactoside  was  obtained  6.1  g  of  6-tosyl-a-methyl- 
galactoside  with  m.p.  147-148*.  The  second  method  is  very  much  simpler:  we  started  not  from  6- tosyl- 8- D- galac¬ 
tose  as  described  in  the  literature,  but  directly  from  diacetone- 6- tosyl- D- galactose.  The  latter  was  heated  for 
0.5  hr  on  a  water  bath  with  0. 5-1*70  solution  of  hydrogen  chloride  in  methanol.  An  uncolored  product  came  down 
immediately  after  cooling;  after  several  recrystallizations  from  a  mixture  of  heptane  it  had  m.p.  149’,  [a]***D  + 

+  99.9*  (pyridine,  c  1.11). 

Founder  (XIHj  9.77,  9.98;  S  9.87,  9.93.  Ci3Hi707S(C)CH3).  Calculated  *70;  OCH3  9.77;  S  10.14. 

According  to  the  literature  6-tosyl-a-methyl-D-galactoside  has  m.p.  172-174“,  [a]^D  +  106"  (pyridine,  cl.2) 
[5],  m.p.  188“,  [oI^’d  +  118“  (pyridine,  c  1.43)  [8],  m.p.  170“,  [a]*®D  +  103.5“  (pyridine,  c  1.5)  [9].  The  lower  melt¬ 
ing  point  of  our  preparation  (which  had  a  satisfactory  analysis)  is  evidently  due  to  contamination  with  the  6- isomer. 

2)  6- Tosyl- methyl- D-galactoside  (1.9  g)  was  heated  for  10  hr  at  110-120“  with  a  methanol  solution  of  am¬ 
monia.  A  slightly  colored  crystalline  product  remained  after  evaporation  of  the  solvent  and  did  not  contain  the 
initial  substance.  Two  fractions  were  obtained  on  treatment  with  pyridine:  1st,  0.8  g,  insoluble  in  pyridine,  easily 
soluble  in  water;  it  was  purified  by  reprecipitation  from  methanol;  m.p.  327-329’  (not  corrected). 

Found  <7o:  N  7.42,  7.29.  C7H„03NS.  Calculated  *70:  N  7.40. 

Judging  by  the  analytical  data  and  the  melting  point,  this  fraction  is  ammonium  p-tosylate  (the  literature 
gives  m.p.  325-330“  [10]).  2nd  fraction,  1.16  g,  soluble  in  pyridine.  After  complete  removal  of  the  solvent,  it  was 
repeatedly  treated  with  chloroform  or  ether.  A  colorless,  crystalline  substance  was  extracted;  easily  soluble  in  water, 
alcohol,  methanol,  and  acetone,  slightly  soluble  in  chloroform  and  ether;  does  not  react  with  bromine;  m.p.  121-122“ 
(from  benzene),  [a]^D  +  59’  (water,  c  0.47). 

Found  *7o:  OCH3  17.98,  18.05.  C6H904(0CH3).  Calculated  ^o:  CX:H3  17.62. 

Judging  by  the  analytical  data,  the  substance  is  an  anhydromethylgalactoside,  but  it  has  a  lower  melting 
point  and  a  smaller  [0]^  than  reported  in  the  literature  for  a-methyl-3,6-anhydro-D-galactoside:  m.p.  139’, 

[o]’®D  +  83.9’  (water,  c  0.82)  [9];  m.p.  140“,  [aj'^D  +  80“  (water,  c  1.2)  [8];  m.p.  141“,  [«f®D  +  78“  (water,  c  0.5) 

[11]. 

For  confirmation  of  its  structure,  it  was  hydrolyzed  with  1  N  HCl  and  converted  to  an  osazone  by  the  procedure 
for  preparation  of  the  osazone  of  3, 6- anhydro-D- galactose  [8].  The  osazone  melted  at  199-200"  (not  corrected). 
[a]^^D  +  51“  (methanol,  c  0.4).  According  to  the  literature  the  phenylosazone  of  3, 6- anhydro-D- galactose  melts 
at  213-214“  [9],  216“  [8],  215",  [a]  +  48“  (methanol)  [12].  Consequently  we  appeared  to  have  obtained  a-methyl- 
3, 6- anhydro-D- galactoside  containing  the  8-isomer  as  impurity. 

III.  Experiments  on  preparation  of  the  dibenzylmercaptal  of  6- tosyl- D- galactose  (III).  In  accordance  with 
the  procedure  described  in  the  literature  [15]  5.9  g  of  the  dibenzylmercaptal  of  D-galactose  (m.p.  140-142“— from 
alcohol);  m.p.  144“  [13])  and  3  g  of  tosyl  chloride  in  50  ml  of  pyridine  were  kept  for  some  hours  at  0“  and  then  for 
48  hr  at  room  temperatuie;  about  0.5  ml  of  water  was  added  [14]  and  after  a  fev'  hours  the  mixture  was  run  into 
water.  For  the  purpose  of  extraction  of  the  product,  chloroform  was  added;  a  solid  substance  came  out  at  the  bound¬ 
ary  of  the  water  and  chloroform  layers;  weight  2  g,  m.p.  141.5-142“  (from  alcohol);  no  melting  point  depression  in 
admixture  with  the  initial  substance.  The  chloroform  extract  was  washed  with  dilute  H2SO4,  with  sodium  bicarbon¬ 
ate,  and  with  water,  and  then  dried  with  sodium  sulfate.  Evaporation  left  2.9  g  of  solid  which  was  washed  with 
benzene  and  recrystallized  from  a  mixture  of  ethyl  acetate  and  heptane;  m.p.  98-99.5",  [a]^D-15“  (CH3OH,  c  1.82). 

Found  ‘7o:  C  61.37,  61.29;  H  6.60,  6.53;  S  15.77,  15.56.  C20H24O4S2.  Calculated  *70;  C  61.20;  H  6.16;  S  16.34. 

Judging  by  the  analytical  data  die  substance  is  the  dibenzylmercaptal  of  anhydro-D- galactose  (IV).  Readily 
soluble  in  the  majOTity  of  solvents,  poorly  in  cold  benzene,  insoluble  in  water  and  heptane.  Similar  results  were 
obtained  when  tosylation  was  carried  out  with  heating  at  30  and  40-45". 
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According  to  the  data  in  [15]  the  dibenzylmercaptal  of  6- tosyl-D- galactose  (III)  has  m.p.  138-139.5*  (from 
alcohol).  In  the  light  of  the  above  facts  we  may  assume  that  the  earlier  workers  [15]  erroneously  assigned  the  struc¬ 
ture  of  substance  (III)  to  the  initial  mercaptal  which  did  not  enter  into  reaction. 

With  the  objective  of  synthesizing  compound  (Ill)  by  another  route,  2  g  of  6-tosyl- a-methyl-D-galactoside 
(described  above)  was  left  in  cone.  HCl  for  48  hr  (until  completely  dissolved);  after  addition  of  1.4  g  of  benzylmer- 
captan  and  5  ml  of  cone.  HCl,  which  had  been  additionally  saturated  at  0*  with  hydrogen  chloride,  the  mass  was 
shaken  for  2.5  hr.  The  resulting  white  solid  resinified  in  the  unpurified  state  on  standing  in  the  air.  After  1.4  g  of 
the  product  had  been  washed  with  benzene  and  recrystallized  from  a  mixture  of  ethyl  acetate  and  heptane,  0.4  g  of 
anhydride  (IV)  was  isolated.  It  was  identified  by  the  melting  point  and  a  mixed  melting  test.  If  the  initial  substance 
was  diacetone-6-tosyl-D-galactose,  the  product  crystallized  only  in  part  after  prolonged  standing;  from  1.5  g  of 
initial  substance  was  obtained  0.25  g  of  anhydride  (IV). 

One  of  the  anhydride  (IV)  was  heated  with  a  solution  of  ammonia  in  methanol  for  7.5  hr  at  110-120*;  there 
was  obtained  1  g  of  solid  which  dissolved  completely  in  chloroform  and  was  identical  with  the  initial  substance  in 
melting  point  and  mixed  melting  point.  Further  amination  runs  were  carried  out  on  0.5  g  of  the  substance  at  170-175* 
for  8  and  14  hr;  in  both  cases  the  original  substance  was  recovered. 

SUMMARY 

1.  A  route  to  the  synthesis  of  mercaptals  of  tj-deoxy-w-aminomonoses  was  developed  and  illustrated  for  the 
case  of  D- galactose. 

2.  It  was  shown  that  6- tosyl-a- methyl- D-galactoside  reacts  with  ammonia  in  methanol  solution  to  form 
methyl-3, 6- anhydro-D-galactoside. 
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Investigations  by  Burton  and  Praill  demonstrated  the  possibility  in  principle  of  acetylation  of  anisole  [1]  and 
cyclohexene  [2]  by  acetic  anhydride  in  presence  of  0.5  mole  of  70^0  perchloric  acid. 

The  purpose  of  the  present  work  was  the  investigation  of  the  catalytic  properties  of  60^  perchloric  acid  and 
the  study  of  the  field  of  application  of  acetylation  by  acetic  anhydride  in  presence  of  this  catalyst.  Substances 
examined  for  this  purpose  were  some  aromatic  hydrocarbons  (benzene,  toluene,  m- xylene,  and  naphthalene),  phenol¬ 
ic  ethers  (anisole  and  nerolin),  amines  (dimethylaniline  and  acetanilide),  and  heterocyclic  compounds  (furan,  thio¬ 
phene  and  indole). 

The  work  showed  that  acetylation  of  benzene  in  the  cold  and  on  boiling  with  an  equimolar  quantity  or  an 
excess  of  acetic  anhydride  in  presence  of  small  quantities  of  69yo  perchloric  acid  (0.1- 0.2  mole  of  catalyst  per  mole 
of  initial  substance)  leads  to  formation  of  only  traces  of  acetophenone.  The  maximum  yields  of  arylmethyl  ketones 
obtained  by  acetylation  of  toluene  and  m-xylene  at  100*  are  also  small  (5  and  7%  respectively).  Under  the  same 
conditions  the  reaction  with  naphthalene  leads  to  an  insignificant  yield  of  a-acetonaphthone.  These  results  closely 
agree  with  those  of  Burton  and  Praill  [3]  who  acetylated  aromatic  hydrocarbons  with  pure  acetyl  perchlorate  prepared 
from  acetyl  chloride  and  silver  perchlorate. 

As  was  to  be  expected,  the  ease  of  introduction  of  an  acyl  group  into  aromatic  compounds  increases  with  the 
nucleophilicity  of  the  compound.  Yields  of  the  corresponding  methyl  ketones  are  considerably  higher  from  strongly 
nucleophilic  aromatics. 

Our  work  on  the  acetylation  of  anisole  by  acetic  anhydride  in  presence  of  60^  perchloric  acid  established  that 
the  yield  of  p-methoxyacetophenone  reaches  when  the  amount  of  catalyst  is  0.05  mole  per  mole  of  initial  sub¬ 
stance.  The  yield  of  p-methoxyacetophenone  increases  with  increasing  quantity  of  acetic  anhydride  and  with  rising 
reaction  temperature;  the  yield  falls  when  acetylation  is  carried  out  in  acetic  acid  or  benzene  solution. 

Experiments  on  the  acylation  of  anisole  by  formic  and  acetic  acids  in  presence  of  perchloric  acid  gave  nega¬ 
tive  results.  This  result  supports  the  hypothesis  of  [1]  to  the  effect  that  the  acetylating  agent  is  acetyl  perchlorate 
formed  during  the  reaction: 

CH3C<f 

+  HCIO4 - »•  IG1I3C0J+C104-  CH3COOH 

R— H  +  (CH3GOI+CIO4- - ►  R-GOGH3  +  HGIO4 

Small  quantities  of  concentrated  sulfuric  acid  do  not  catalyze  the  acylation  of  anisole  by  acetic  anhydride. 

Conditions  for  the  acetylation  of  anisole  by  acetic  anhydride  in  presence  of  607o  perchloric  acid  and  yields  of 
p-methoxyacetophenone  are  set  forth  in  the  table. 

The  reaction  of  methyl  6-naphthyl  ether  with  excess  of  acetic  anhydride  is  similar  to  that  of  anisole.  2-Meth- 
oxy-l-acetonaphthone  is  formed  in  a  yield  oilfPjo. 
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Substance  reacted  | 

Reaction 

Yield  of  p- 

I’rcp. 

anisole 

(CH3C0)20 

60*^  110104 

period 

Temp.  ■ 

methoxyaceto- 

No. 

1 

1  (mole) 

( mole) 

(drops) 

(hr) 

phenone  (in  %) 

1 

0.1 

0.3 

() 

2.5 

20° 

26.2 

2 

0.1 

0.15 

10 

0.5 

20 

60 

3 

0.1 

0.1.') 

16 

0.5 

20 

35  • 

4 

O.t 

0.1 

4 

0.5 

95 

45 

5 

0.1 

0.1 

10 

0.5 

05 

52-55 

6 

0.05 

0 

20 

0.5 

95 

0 

7 

0.1 

0  ••• 

20 

1 

20 

0 

8 

0.05 

0.07 

O***’ 

1 

20 

0 

•Reaction  performed  in  15  ml  of  benzene. 

•  *  The  acetylating  agent  was  CH,COOH  (1  mole). 

•  •  •  The  acylating  agent  was  HCOOH  (0.2  mole). 

•  *  •  ’Catalyst;  cone.  H2SO4  (10  drops). 

This  method  gives  different  results  when  applied  to  the  acetylation  of  the  reactive  heterocyclic  compounds 
thiophene,  furan,  and  indole.  Acetylation  of  thiophene,  for  example,  in  presence  of  catalytic  quantities  of  perchlo¬ 
ric  acid  proceeds  with  the  same  high  yield  as  in  presence  of  tin  chloride  [4].  The  reaction  may  therefore  have  pre¬ 
parative  interest.  Furan  is  acetylated  even  in  presence  of  traces  of  perchloric  acid,  and  the  yield  of  2-acetylfuran 
is  only  slightly  lower  than  that  obtained  when  using  boron  trichloride  etherate  as  the  catalyst  [5].  Two  products  were 
isolated  after  acetylation  of  indole;  1-acetylindole  (yield  32f^)  and  3-acetylindole  (yield  30°/o). 

Attempts  to  acylate  acetanilide  and  dimethylaniline  with  acetic  anhydride  in  presence  of  catalytic  quantities 
of  perchloric  acid  were  unsuccessful. 

Treatment  of  phenol  and  resorcinol  with  acetic  anhydride  in  presence  of  small  quantities  of  perchloric  acid 
led  to  good  yields  of  the  corresponding  acetic  esters,  but  acetylation  in  die  ring  with  formation  of  ketones  was  not 
observed. 

EXPERIMENTAL 

1.  Acetylation  of  anisole.  a)  To  a  solution  of  11  g  (0.1  mole)  of  anisole  in  15.3  ml  (0.15  mole)  of  acetic 
anhydride  was  added  ten  drops  (approximately  0.5  g)  of  607o  perchloric  acid.  Addition  of  perchloric  acid  caused 
the  temperature  to  rise  spontaneously  to  60-65*,  and  the  color  of  the  solution  became  reddish-brown.  The  reaction 
mixture  was  held  at  room  temperature  for  30  min,  and  then  poured  into  100  ml  of  ice  water.  An  oil  separated  out 
together  with  a  small  quantity  of  yellow-orange  crystals  which  was  isolated  by  filnration.  The  oily  reaction  product 
was  extracted  with  benzene;  the  extract  was  washed  with  dilute  sodium  hydroxide  solution  and  with  water,  and  dried 
with  dehydrated  sodium  sulfate.  Fractional  distillation  of  the  benzene  solution  gave  9.1  g(607o)  of  p-methoxyaceto- 
phenone  with  b.p.  254-258*.  The  product  solidified  on  cooling  to  a  crystalline  mass  with  m.p.  35-37*;  the  phenyl- 
hydrazone  had  m.p,  137-138*,  the  2,4-dinitrophenylhydrazone  m.p.  219-220*.  Literature  data;  for  p-methoxyaceto- 
phenone,  m.p.  38-39*,  b.p.  258*  [6];  phenylhydrazone,  m.p.  142*  [7];  2,4-dinitrophenylhydrazone,  m.p.  220*  [7]. 

The  yellow-txange  crystalline  product  (0.5  g)  decomposed  violently  when  heated.  It  was  evidently  an  organ¬ 
ic  perchlorate. 

b)  A  mixture  of  0.1  mole  of  anisole,  0.1  mole  of  acetic  anhydride,  and  10  drops  of  perchloric  acid  was  heated 
on  a  boiling  water  bath  for  30  min.  The  mass  was  worked  up  in  the  preceding  manner  and  gave  p-methoxyaceto- 
phenone  with  b.p.  253-258*  and  m.p.  35-36*.  Yield  8-8.3  g  (52-55^). 

2.  Acetylation  of  nerolin.  To  a  solution  of  7.9  g  (0.05  mole)  of  nerolin  in  15.3  g(0.15  mole)  of  acetic  an¬ 
hydride  was  added  10  drops  of  607o  perchloric  acid.  The  mixture  liberated  heat  and  became  brown.  After  standing 
for  30  min  at  room  temperature,  the  reaction  mixture  was  poured  into  100  ml  of  water,  and  the  thick,  oily  product 
was  collected  and  stirred  with  200  ml  of  ice  water  until  it  crystallized.  The  crystalline  product  was  filtered,  washed, 
and  dried.  After  two  recrystallizations  from  ligroine,  the  2-methoxy-l-acetonaphthone  melted  at  57-58*.  The  liter¬ 
ature  [8]  gives  m.p.  58*.  Yield  of  ketone  7.5  g 


3.  Acetylation  of  thiophene,  a)  To  a  solution  of  8.4  g  (0.1  mole)  of  thiophene  in  16  ml  (0.155  mole)  of 
acetic  anhydride  (prepared  by  stirring)  was  added  8  drops  of  GOVo  perchloric  acid.  After  30  min  the  reaction  mixture 
was  poured  into  100  ml  of  water,  the  oily  product  extracted  with  benzene,  the  benzene  extract  washed  with  water 
and  sodium  carbonate  solution  and  dried  with  anhydrous  sodium  sulfate.  Fractional  distillation  in  vacuo  gave  2- 
ace tylthie none  with  b.p.  95-98*  (13  mm),  n*®D  1.5665;  yield  12  g(95^7o).  The  phenylhydrazone  formed  yellow  nee¬ 
dles  with  m.p.  95-96*;  the  semicarbazone  had  m.p.  185*.  Literature  data  [9]  for  2- acetyl thienone:  b.p.  89.5*  (11mm), 
n*®D  1.5675;  phenylhydrazone  m.p.  96*,  semicarbazone  m.p.  186-187*. 

b)  From  0.1  mole  of  diiophene,  0.115  mole  of  acetic  anhydride,  and  8  drops  of  perchloric  acid  was  obtained 
10.7  g(8»7o)  of  2- ace  tylthie  none  with  b.p.  90-93*  (11  mm),  phenylhydrazone  m.p.  95*. 

4.  Acetylation  of  furan.  Acetylation  followed  by  isolation  of  the  resulting  2-acetylfuran  (2-furyl  methyl 
ketone)  were  carried  out  by  the  procedure  for  2-acetylthienone.  a)  From  3.4  g  of  furan,  6  ml  of  acetic  anhydride, 
and  one  drop  of  607o  perchloric  acid  (the  temperature  rose  spontaneously  to  90-95*)  was  obtained,  after  standing  for 
10-15  min  at  room  temperature,  3. 6-3. 8  g(66-7(yyo)  of  2-acetylfuran  with  b.p.  169-173",  n*®D  1.5000.  2-Acetyl- 
furan  solidifies  on  cooling  to  a  crystalline  mass  with  m.p.  27-28";  phenylhydrazone  m.p.  85-86",  semicarbazone 
m.p.  150*.  Literature  data  for  2-acetylfuran:  m.p.  29",  b.p.  173",  n^^D  1.5017;  phenylhydrazone  m.p.  86.5";  semi¬ 
carbazone  m.p.  150*  [10]. 

b)  To  a  solution  of  3.4  g  of  furan  in  6  ml  of  acetic  anhydride  was  added  0.5  ml  of  glacial  acetic  acid  con¬ 
taining  0.5  drop  of  607o  perchloric  acid  with  stirring  and  ice  cooling.  The  mass  was  worked  up  in  the  usual  manner 
and  1.4  g  (25f7o)  of  2-acetylfuran  was  obtained  with  b.p.  169-173*. 

5.  Acetylation  of  indole.  To  a  solution  of  2.34  g  (0.02  mole)  of  indole  in  5.6  ml  (0.04  mole)  of  acetic  an¬ 
hydride  was  added  tliree  drops  of  60yo  perchloric  acid.  The  reaction  mixture  (bright-red)  was  poured  after  30  min 
into  50  ml  of  water.  The  resulting  red  oil  was  washed  by  decantation  with  water  and  with  sodium  carbonate  solu¬ 
tion.  It  was  then  isolated  and  dissolved  in  6  ml  of  hot  benzene.  After  standing  in  a  refrigerator,  the  product  depos¬ 
ited  pinkish  crystals  of  3-acetylindole  which  were  filtered,  washed  with  water,  and  dried.  Yield  0.93  ^{SOP/o)  with 
m.p.  189.5-190.5";  oxime  with  m.p.  143-145*.  Literature  data  [11]  for  3-acetylindole:  m.p.  190-191",  oxime  m.p. 
144-14r. 

Fractional  distillation  of  the  mother  liquor  gave  a  colorless  oil  with  b.p.  239-240".  Weight  1  g  (32.97o).  This 
was  1-acetylindole. 

6.  Acetylation  of  phenol.  A  reaction  mixture  comprising  9.4  g(0.1  mole)  of  phenol,  25  ml  (0.25  mole)  of 
acetic  anhydride,  and  20  drops  of  perchloric  acid  was  allowed  to  stand  at  room  temperature  for  30  min.  The  reac¬ 
tion  mixture  was  poured  into  50  ml  of  water;  the  oily  product  was  washed  with  sodium  hydroxide  solution  and  with 
water,  dried,  and  distilled  to  give  8.2  g(60yo)  of  phenyl  acetate  with  b.p.  193-195". 

7.  Acetylation  of  resorcinol.  The  procedure  was  the  same  as  for  the  acetylation  of  phenol.  From  5.5  g 
(0.05  mole)  of  resorcinol,  10.5  ml  of  acetic  anhydride,  and  ten  drops  of  6(Pjo  perchloric  acid  was  obtained  6.8  g 
{Ifyjo)  of  resorcinol  diacetate  in  the  form  of  a  colorless  liquid  with  b.p.  275-278".  The  literature  [12]  reports  b.p. 
278*. 

SUMMARY 

1.  The  possibility  was  established  of  acetylation  of  some  reactive  aromatic  and  heterocyclic  compounds  by 
acetic  anhydride  in  presence  of  small  catalytic  amounts  (0.003-0.05  mole  per  mole  of  initial  substance)  of  60yo 
perchloric  acid. 

2- Acetylation  of  anisole,  nerolin,  furan,  thiophene,  and  indole  by  acetic  anhydride  in  presence  of  607o  per¬ 
chloric  acid  gave  the  corresponding  methyl  ketones  in  good  yields.  The  method  may  be  of  preparative  interest  as 
a  route  to  2-acetylthienone,  2-acetylfuran,  and  4-methoxyacetophenone. 

3.  It  was  shown  that  aromatic  hydrocarbons  (benzene,  toluene,  m-xylene,  and  naphthalene)  undergo  acetyl¬ 
ation  by  this  method  to  form  the  corresponding  aryl  methyl  ketones  in  very  small  yields. 

4.  Acetylation  of  phenol  and  resorcinol  led  to  good  yields  of  the  acetates. 
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We  showed  earlier  that  one  of  the  products  of  reaction  of  hexaethyldiplumbane  with  alkyl  halides  is  tetraethyl¬ 
lead  [1].  For  the  purpose  of  establishing  the  reaction  mechanism,  it  was  of  interest  to  ascertain  whether  tetraethyl¬ 
lead  is  the  end  product  of  interaction  or  whether  further  reactions  with  the  alkyl  halides  took  place.  Work  along 
these  lines  is  also  of  practical  importance  in  itself  since  tetraethyllead  is  in  contact  with  alkyl  halides  during  its 
synthesis  and  industrial  utilization  (ethyl  fluid). 

Little  work  has  been  published  on  reactions  of  tetraethyllead  with  halohydrocarbons.  Changes  occurring  in 
ethyl  fluid  at  higher  temperatures  and  pressures  were  studied  by  Widmaier  [2].  A  rapid  quantitative  technique  for 
study  of  reactions  of  polyhaloethanes  with  tetraethyllead  in  the  vapor  phase  was  described  by  Letort  and  co-workers 
[31.  In  both  cases  experiments  were  performed  in  presence  of  atmospheric  oxygen,  and  the  latter  could  not  fail  to 
influence  the  course  of  the  reactions  concerned. 

In  the  present  work  we  investigated  the  reactions  of  tetraethyllead  with  ethyl  bromide,  1,2-dibromoethane, 

1 ,2-dibromopropanc,  2,3-dibromobutane,  1 ,4-dibromobutane,  1,5-dibromopentane,  benzyl  bromide,  and  meso-1,2- 
dibromo-1 ,2-diphenylethane  in  the  absence  of  atmospheric  oxygen. 

It  was  found  that,  in  dependence  on  the  ratio  of  reactants,  the  following  processes  can  be  observed.  Tetraethyl¬ 
lead  acquires  greater  thermal  stability  in  presence  of  catalytic  quantities  of  halohydrocarbons  and  in  particular  of  di- 
bromoethane.  A  more  detailed  study  showed  [4]  that  the  thermal  stabilizers  are  apparently  not  the  alkyl  halides 
themselves,  but  products  of  their  reaction  with  tetraethyllead  (for  example  triethyllead  bromide  and  dibromodiethyl- 
lead).  Heating  of  roughly  equal  proportions  of  an  alkyl  halide  and  tetraethyllead  results  in  a  reaction  leading  to 
formation  of  a  complex  mixture  of  substances. 

We  carried  out  reactions  of  tetraethyllead  with  equimolar  quantities  of  halohydrocarbons  in  the  absence  of 
solvents  at  100-160®.  At  lower  temperatures  the  yield  of  reaction  products  is  extremely  small.  In  the  above  tem¬ 
perature  range  the  velocity  is  influenced  by  rising  temperature,  but  not  by  the  composition  of  reaction  products. 

Results  are  set  forth  in  the  table. 

It  follows  from  the  results  that  tetraethyllead  reacts  most  easily  with  vicinal  dihalo  compounds.  Introduction 
of  methyl  or  phenyl  groups  into  the  molecule  of  a  vicinal  dihalo  compound  does  not  appreciably  affect  the  reaction 
velocity.  On  the  other  hand  increase  in  the  distance  between  the  bromine  atoms  in  dihaloalkyl  compounds  has  a 
significant  effect  on  the  velocity  of  the  reaction.  Tetraethyllead  reacts  less  readily  with  monohalo  compounds.  In 
this  connection  we  may  note  the  exceptional  inertness  of  tetraethyllead  when  dissolved  in  an  equimolar  quantity  of 
benzyl  bromide. 

The  reaction  of  tetraethyllead  with  dibromoethane  was  investigated  with  the  greatest  thoroughness.  It  was 
found  that  the  principal  lead-containing  reaction  product  after  equimolar  quantities  of  the  components  had  been 
heated  to  135®  for  5  hr  is  triethyllead  bromide.  The  yield  is  24.0fo  of  the  theoretical  or  61.4%  calculated  on  the 
tetraethyllead  entering  into  reaction.  Dibromodiethyllead  was  not  detected  in  the  reaction  products.  The  yield  of 
lead  bromide  was  only  1.07i’.  These  observations  are  consistent  with  the  previously  established  high  thermal  stability 
of  triethyllead  bromide  [1].  We  also  noted  in  the  same  paper  [1]  that  reaction  of  hexaethyldiplumbane  with  dibromo¬ 
ethane  under  very  much  milder  conditions  (2  hr  at  70®)  gives  triethyllead  bromide  only  as  an  intermediate  product; 
during  the  further  course  of  the  reaction  the  latter  is  substantially  completely  converted  into  lead  bromide. 

With  the  objective  of  accounting  for  the  differing  behavica:  of  triethyllead  bromide  in  presence  of  tetraethyl¬ 
lead  and  hexaethyldiplumbane,  we  studied  the  systems  tetraethyllead— triethyllead  bromide  and  hexaethyldiplum¬ 
bane— triethyllead  bromide  at  elevated  temperatures.  It  was  found  that  the  stability  of  triethyllead  bromide  in 
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Halohydrocarbon 


1 .2- Dibromethane 

1 .2  -Dibromopropane 

1 .4  -Dibromobutane 

2.3- Dibromobutane*  *  ' 

Meso-l,2-dibromo-l,2 
diphenylethane*  *  *  * 

1 .5  'Dlbroinopcntane 
Bthyl  bromide 
Benzyl  bromide 


Reaction  products  (in  %of  theoretical 
yield)* 


1.6 

3.6 

0.8 

1.0 

0.0 

2..6 

9.4 

0.0 


0.0 


1.1 


:).3 


0.0 


Ethane  16.3, 
ethylene  81, 8, 
butane  1.9 

Propylene 


1  Ethane  48,1, 
f  ethylene  61. 9 


Ethane  66.0, 
ethylene  34.0 

{Substantially 
none 
evolved 

Ethane  52.5, 
ethylene  39.3, 
butane  8.2 

I  Substantially 
I  none  evolved 


other  products 


Not  detected 

Not  detected 

Not  detected 

Not  detected 

Stilbene  59.8‘7<’ 
Not  detected 

Traces  of  lead 
Not  detected 


•  Equimolar  quantities  of  components  were  taken  for  the  reaction. 

•  ’In  all  cases  0.7-1. 2  moles  of  gas  mixture  was  evolved  per  mole  of  (C2H5)3PbBr  obtained, 
except  in  the  tetraethyllead— 1,4- dibromobutane  experiment  when  0.27  mole  of  gas  mixture 
was  released  per  mole  of  (C2H5)3PbBr. 

•  *  *Gas  not  collected. 

•  •  •  ‘Yield  of  products  calculated  on  the  meso-l,2-dibromo-l  ,2-diphenylethane  taken  into 
reaction. 


tetraethyllead  is  substantially  the  same  as  the  stability  of  this  product  in  inert  solvents.  On  the  other  hand,  the  tw'o 
components  break  down  when  equimolar  quantities  of  hexaethyldiplumbane  and  triethyllead  bromide  are  mixed,  the 
products  of  breakdown  being  tetraethyllead,  metallic  lead,  and  lead  bromide.  The  reaction  goes  without  separation 
of  gases  and  comes  to  an  end  in  5-8  min  at  room  temperature.  The  following  equations  may  be  proposed: 

(C2n5)f.Pb2-|-2(C2H5)3rbl!r  ->  3(C2n5)4»’l)  +  I’bRra 
2(C2H5)oPb2  3(C.,n5)4Pb  {- Pb 

Metallic  lead  was  not  formed  when  the  hexaethyldiplumbane  triethyllead  bromide  molar  ratio  was  1  :  2.  llie 
composition  and  ratio  of  the  reaction  products  are  in  good  accord  with  equation  (I).  In  our  opinion,  this  is  ample 
proof  that  lead  bromide  and  metallic  lead  are  formed  during  processes  (I)  and  (II)  which  proceed  independently  of 
one  another. 

A  similar  complex  reaction  accompanied  by  radical  rearrangement  may  be  observed  on  mixing  hexaethyldi¬ 
plumbane  with  equimolar  quantities  of  dibromodiethyllead.  In  this  case  the  reaction  products  are  tetraethyllead, 
metallic  lead,  lead  bromide,  and  triethyllead  bromide. 


(I) 

(II) 


It  was  noted  above  that  the  reaction  of  tetraethyllead  with  dibromoethane  and  other  alkyl  halides  does  not 
lead  to  formation  of  appreciable  quantities  of  dibromodiethyllead  (see  table).  In  line  with  these  observations  we 
found  that  dibromodiethyllead  is  an  unstable  substance,  decomposing  even  at  70*  with  formation  of  lead  bromide. 
In  these  reactions  the  yield  of  lead  bromide  is  usually  small,  and  we  must  therefore  assume  that  dibromodiethyl¬ 
lead  is  either  not  formed  as  an  intermediate  product  or  is  mainly  converted  (in  agreement  with  Austin’s  data  [5]) 
into  triethyllead  bromide. 


(CillslaPblir.,  4  (C,Hs)4Pb  2(C2ll5)3PbHr  (Hi) 

Reaction  of  tetraethyllead  with  dihalo  compounds  might  have  been  expected  to  lead  to  formation  of  triethyl¬ 
lead  bromide,  ethyl  bromide,  and  the  corresponding  olefinic  hydrocarbon.  Numerous  attempts  to  detect  ethyl  bro¬ 
mide  among  the  reaction  products  were,  however,  unsuccessful.  Spectrophotometric  investigation  [6]  showed  that 
these  reactions  do  not  proceed  with  intermediate  formation  of  hexaethyldiplumbane. 

Study  of  the  mechanism  of  the  reactions  discussed  above  is  continuing. 

EXPERIMENT  A  L 

All  experiments  were  performed  in  sealed,  evacuated  ampoules.  Reaction  of  hexaethyldiplumbane  with  tri¬ 
ethyllead  bromide  and  dibromodiethyllead  was  studied  with  an  apparatus  comprising  two  ampoules  sealed  in  the  form 
of  letter  H.  The  initial  substances  were  charged  into  the  ampoules;  oxygen  of  the  air  was  removed  by  two  freezings 
and  thawings  of  the  contents  of  the  ampoules  in  vacuo;  the  ampoules  were  then  sealed  and  the  reaction  components 
mixed. 

Reaction  of  tetraethyllead  with  dibromoethane.  A  mixture  of  6.78  g  of  (0.021  mole)  of  tetraethyllead  and 
4.14  g  (0.022  mole)  of  dibromoethane  was  thermostated  for  5  hr  at  135*.  The  ampoule  was  then  connected  to  a  gas 
buret  and  opened.  There  were  collected  0.0044  mole  of  gas  mixture  containing  16.3^0  of  ethane,  81.87o  of  ethylene, 
and  1.970  of  butane.  The  gas  was  analyzed  by  gas  chromatography.  The  content  of  the  ampoule  was  filtered.  The 
solid  portion  was  washed  with  boiling  benzene  and  recrystallized  from  water  to  give  0.12  g(1.07o)  of  lead  bromide. 
The  filnrate  and  the  benzene  extracts  were  combined  and  fractionated  in  vacuo.  Unreacted  tetraethyllead  was  iso¬ 
lated  in  quantity  of  4.07  g(60.07o);  b.p.  80-82"  at  13  mm,  n^^D  1.5203.  Crystallization  of  the  undistillable  residue 
from  ether  gave  1.93  g  of  triethyllead  (24.6%  of  the  theoretical,  61.4%  calculated  on  the  reacted  tetraethyllead), 
m.p.  101"  (twice  from  hexane).  No  depression  of  melting  point  in  admixture  with  pure  triethyllead  bromide. 

In  a  parallel  experiment  the  reaction  mixture  was  analyzed  by  the  spectrophotometric  method  of  [6].  Hexa- 
ethyldiplumbane  was  not  detected. 

A  series  of  experiments  demonstrated  the  absence  of  ethyl  bromide  from  the  reaction  products.  A  mixture  of 
4.85  g  (0.015  mole)  of  tetraethyllead  and  6.02  g  (0.032  mole)  of  dibromoediane  was  thermostated  at  150*  for  5.5  hr. 
To  the  reaction  mixture,  after  cooling,  was  added  5  ml  of  dry  ether.  The  ether  was  distilled  off.  Addition  of  mag¬ 
nesium  turnings  to  the  ether  did  not  lead  to  formation  of  ethylmagnesium  bromide.  From  the  residue  after  distilla¬ 
tion  of  the  ether  were  separated  (in  the  usual  manner)  2.31  g(41.2%)  of  ttiethyllead  bromide  (m.p.  101")  and  0.20  g 
(3.0%)  of  lead  bromide.  In  a  blank  experiment  5  ml  of  dry  ether  was  added  to  a  mixture  of  6.55  g  of  tetraethyllead 
and  0.50  g  of  ethyl  bromide.  The  ether  was  distilled  and  treated  with  0.15  g  of  iodine- activated  magnesium  turnings. 
To  the  resulting  Grignard  reagent  was  added  2.0  g  of  finely  pulverized  HgBrj.  In  the  usual  manner  0.90  g  of  ethyl- 
mercury  bromide  was  isolated.  Yield  63.4%;  m.p.  198*  (from  alcohol)  in  agreement  with  the  literature  [7]. 

Reaction  of  tetraethyllead  with  meso-l,2-dibtomo-l,2-diphenylethane.  A  mixture  of  3.23  g(0.01  mole)  of 
tetraethyllead  and  0.98  g  (0.0029  mole)  of  meso*l,2-dibromo-l,2-diphenylethane  was  thermostated  for  9  hr  at  135*. 
After  the  reaction  mixture  had  cooled,  it  crystallized.  In  the  usual  manner  0.0011  mole  of  gas  mixture  containing 
66.0%  of  ethane  and  34.0%  of  ethylene  was  collected.  The  reaction  mixture  was  extracted  successively  with  hexane, 
ether,  and  hot  water.  From  the  hexane  extracts  was  isolated  0.31  g  (59.8%)  of  stilbene.  M.p,  122*  (twice  from  ab¬ 
solute  alcohol).  No  depression  of  melting  point  in  admixture  with  an  authentic  specimen  of  stilbene.  From  die 
ethereal  extract  was  obtained  1.09  g(50.5%)  of  ttiethyllead  bromide,  m.p.  100-101*  (after  three  recrystallizations 
from  hexane)  in  agreement  with  the  literature  [8].  Traces  of  lead  bromide  were  separated  from  die  aqueous  extracts 
by  the  usual  treatment. 

Reactions  of  tetraethyllead  with  odier  halohydrocarbons  (see  table)  were  investigated  in  similar  manner  to  the 
above. 
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Reaction  of  triethyllead  bromide  with  hexaethyldiplumbane  (1  ;  1  molar  ratio).  To  0.75  g  (0.002  mole)  of 
triethyllead  bromide  was  added  1.40  g  (0.0024  mole)  of  hexaethyldiplumbane.  Reaction  commenced  quickly  and 
was  accompanied  by  separation  of  metallic  lead.  After  5-6  min  the  lemon-yellow  color  of  hexaethyldiplumbane 
disappeared.  The  mixture  was  then  heated  for  2  hr  to  70"  and  then  filtered.  The  solid  was  washed  with  cold  water. 
The  filtrate  and  the  hexane  extracts  were  fractionated  in  vacuo  to  give  1.20  g(73.3%)  of  tetraethyllead  with  b.p. 
79-80*  at  12  mm.  The  product  was  identified  in  the  form  of  triethyllead  monochloroacetate;  m.p.  142*  in  agree¬ 
ment  with  the  literature  [9].  The  solid  reaction  products  were  extracted  successively  with  ether,  acetone,  and  ben¬ 
zene.  The  extracts  did  not  contain  triethyllead  bromide  or  dibromodiethyllead.  The  residual  mixture  of  metallic 
lead  and  lead  bromide  was  separated  into  its  components  by  extraction  with  boiling  water;  there  were  obtained 
0.18  g  of  lead  and  0.38  g  of  lead  bromide  (quantitative  yield). 

Reaction  of  triethyllead  chloride  with  hexaethyldiplumbane  (molar  ratio  2  :  1).  To  a  solution  of  2.66  g 
(0.0081  mole)  of  triethyllead  chloride  in  5.0  ml  of  dry  benzene  was  added  2.46  g  (0.0042)  of  hexaethyldiplumbane. 
Lead  chloride  came  down,  but  appreciable  quantities  of  metallic  lead  were  not  formed.  After  an  hour  the  lead  chlo¬ 
ride  was  separated  by  filtration  and  washed  with  hexane  and  acetone.  There  was  obtained  0.95  g(84.6yo).  The  fil¬ 
trate  and  the  hexane  and  acetone  extracts  were  combined.  The  pressure  was  lowered  to  1.00  mm  Hg  column  and 
the  tetraethyllead  and  solvents  came  over  at  room  temperature  into  a  liquid  nitrogen- cooled  trap.  In  the  distillation 
flask  remained  0.30  g  of  unreacted  triethyllead  chloride.  Appreciable  amounts  of  hexaethyldiplumbane  were  not  de¬ 
tected.  Tetraethyllead  was  separated  from  the  distillate  by  the  usual  technique.  Yield  2.90  g  (74.1*70);  identified  as 
triethyllead  monochloroacetate,  m.p.  141-142*. 

Reaction  of  dibromodiethyllead  with  hexaethyldiplumbane.  To  2.51  g  (0.0059  mole)  of  dibromodiethyllead 
was  added  a  solution  of  2.38  g  (0.0040  mole)  of  hexaethyldiplumbane  in  4  ml  of  hexane.  The  mixture  was  vigorous¬ 
ly  shaken  until  the  color  of  hexaethyldiplumbane  had  disappeared  (5-6  min).  Metallic  lead  came  down,  but  gases 
were  not  evolved.  The  solid  reaction  products  were  separated  by  filnration  and  washed  with  cold  hexane,  ether,  and 
acetone.  From  the  hexane  1.57  g  of  tetraethyllead  was  isolated  in  the  usual  manner  (triethyllead  monochloroacetate 
m.p.  142*).  No  depression  in  a  mixed  melting  test  with  a  pure  specimen.  From  the  ethereal  extract  was  obtained 
0.11  g  of  triethyllead  bromide  with  m.p.  100-101"  (from  hexane)  in  agreement  with  the  literature  [8].  From  the 
acetone  was  isolated  1.26  g  of  unreacted  dibromodiethyllead,  decomp.  p.  88-90".  From  the  residue  insoluble  in 
organic  solvents  was  obtained  (by  the  method  described  above)  0.80  g  of  lead  bromide  and  0.17  g  of  metallic  acid. 

Thermal  decomposition  of  triethyllead  bromide.  A  mixture  of  0.78  g( 0.0021  mole)  of  triethyllead  bromide 
and  0.4  g  of  toluene  was  thermostated  at  150  ±  0.3*  for  4  hr.  From  the  reaction  products  (using  the  above  technique) 
were  isolated  0.40  g(51.37o)  of  unchanged  triethyllead  bromide,  0.17  g  of  tetraethyllead,  and  0.13  g  of  lead  bromide. 

Decomposition  of  dibromodiethyllead  in  hexane.  A  mixture  of  3.0  g(0.07  mole)  of  dibromodiethyllead  and 
3.5  ml  of  hexane  was  thermostated  at  70*  fcxr  2.5  hr.  By  the  usual  method  were  isolated  0.17  g  (5.7*70)  of  unreacted 
dibromodiethyllead,  0.77  g  of  triethyllead  bromide  (yield  on  the  lead  29.3*7o,  m.p.  101"),  1.61  g(63.07o)  of  lead  bro¬ 
mide,  and  0.13  g(5.07o)  of  tetraethyllead. 


SUMMARY 


1.  A  study  was  made  of  reactions  of  tetraethyllead  with  ethyl  bromide,  1,2-dibromoethane,  1,2-dibromopro- 
pane,  1,4-dibromobutane,  2,3-dibromobutane,  1,5-dibromopentane,  benzyl  bromide,  and  meso-l,2-dibromo-l,2- 
diphenylethane  in  the  absence  of  atmospheric  oxygen.  In  all  cases  the  main  lead- containing  product  of  reaction  is 
triethyllead  bromide. 


2.  It  was  shown  that  in  1  :  2  molar  ratio  hexaethyldiplumbane  reacts  with  triethyllead  bromide  according  to 
the  equation 


(C2U5),irb2-f  2(C,H5)3Pbnr  ->  3(C2U5)4l’b  +  rbnr2 


The  following  reaction  proceeds  in  parallel  when  the  reactants  are  in  equimolar  ratio: 

2(C2ll5)GPb2  ->  3(C2n5)4Pb4-  Pb 

The  products  of  reaction  of  hexaethyldiplumbane  with  dibromodiethyllead  are  lead,  lead  bromide,  triethyl¬ 
lead  bromide,  and  tetraethyllead. 
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The  relation  between  the  rotatory  power  of  optically  active  substances  and  the  wavelength  of  the  light  em¬ 
ployed  (known  as  rotatory  dispersion)  has  been  investigated  since  the  earliest  days  of  polar ime try.  It  was  long  ago 
pointed  out  that  the  rotatory  dispersion  curve  is  a  far  more  valuable  characteristic  of  a  substance  than  the  numerical 
value  of  rotatory  power  at  an  isolated,  arbitrarily  selected  point  on  this  curve. 

Interesting  studies  of  rotatory  dispersion  were  carried  out  by  Chugaev  at  the  start  of  the  century  [1-4].  Their 
results  were  summarized  in  a  report  to  a  Faraday  Society  symposium  on  optical  activity  [5],  On  the  basis  of  data 
for  a  series  of  colored  terpene  derivatives,  the  relation  between  absorption  bands  and  the  course  of  the  rotate^  dis¬ 
persion  curve  was  for  the  first  time  clearly  revealed  in  these  p^ers.  This  relation  was  traced  in  greater  detail  in 
the  classical  work  of  W.  Kuhn  [6-7].  The  main  ideas  of  Khun,  who  regarded  optical  rotatory  power  as  the  sum  of 
the  contributions  of  the  individual  groups  (chromophores  with  "optically  active  absorption  bands"),  became  the  gen¬ 
erally  accepted  basis  for  analysis  of  the  relation  between  optical  activity  and  chemical  structure. 

Shortcomings  of  earlier  work  on  optical  rotatory  dispersion  were  that  in  the  majority  of  cases  the  rotation  was 
determined  at  isolated  wavelengths  widely  separated  from  one  another,  and  the  course  of  the  dispersion  curve  at 
intermediate  wavelengths  remained  unstudied.  In  spite,  moreover,  of  the  availability  of  a  considerable  number  of 
instruments  and  techniques  for  wMk  in  the  ultraviolet  region  of  the  spectrum,"  investigators  rarely  turned  their  at¬ 
tention  to  this  most  interesting  region.  In  the  last  decade  photoelectric  polarimeters  have  come  into  extensive  use. 
With  the  help  of  these  instruments  it  first  became  possible  to  achieve  the  accuracy  of  split- field  visual  instruments 
and  later  to  surpass  it.  One  of  the  pioneers  in  this  field  was  V.  1.  Kudryavtsev  who  received  an  author’s  certificate 
as  far  back  as  the  early  thirties  for  an  automatic  polarimeter  based  on  employment  of  a  magnetic- optical  modulator 
exploiting  the  Faraday  effect.  More  recently  an  automatic  saccha  rime  ter  on  this  basis  has  been  made  available  by 
our  industry  [10]. 

Photoelectric  recording  brought  an  appreciable  simplification  to  work  in  the  ultraviolet  portion  of  the  spec¬ 
trum.  Many  photoelectric  devices  of  diverse  types  have  been  designed  for  this  purpose.  By  a  combination  of  polar¬ 
imeters  with  sources  of  monochromatic  radiation,  spectropolarimeters  were  developed  that  enabled  measurement  of 
optical  activity  at  any  point  of  the  visible  and  UV-regions  of  the  spectrum.  One  of  the  most  interesting  instruments 
of  this  class  is  the  Rudolph  spectropolarimeter  available  in  the  U.  S.  A.  [11].  This  measures  optical  rotation  with 
an  accuracy  of  some  thousandths  of  a  degree  in  the  2300-7500  A  region."  "  This  instrument  enabled  the  American 
scientist  Djerassi  and  his  co-workers  to  start  a  series  of  interesting  studies  in  which  spectropolarimetry  in  die  ultra¬ 
violet  region  was  fer  the  first  time  widely  used  as  a  tool  for  investigation  of  organic  compounds. 


"Survey  in  [8].  An  interesting  photographic  spectropolarimeter  was  described  in  a  more  recent  paper  by  Bazhenov 
and  Vol’kenshtein  [9]. 

"  "Quite  recently  an  automatic  spectropolarimeter  for  the  260-700  mp  region  was  offered  by  the  Swiss  firm 
"Metro"  (advertisement  in  [12]). 
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All  the  studies  of  Djerassi  were  designed  to  make  use  of  the  rotational  anomaly  associated  with  the  absorption 
band  of  the  carbonyl  group  (about  290  mp).  He  investigated  steroida  and  allied  compounds  containing  a  carbonyl 
chromophore.  Measurements  were  simplified  in  this  case  because  the  anomaly  in  question  is  located  in  the  relative¬ 
ly  near  ultraviolet  and  the  intensity  of  absorption  is  relatively  small,  so  that  measurements  can  be  carried  out  within 

the  absorption  band  itself  and  all  the  phenomena  associ- 


I'l'H' 


iO 
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Fig.  1.  Line  diagram  of  the  photoelectric  spectro- 
polarimeter.  1)  Light  source;  2)  quartz  mono¬ 
chromator;  3)  interchangeable  light  filter;  4) 
polarizer;  5)  polarimetric  tube;  6)  rotatory  analyzer 
with  dial;  7,8)  photomultiplier  with  high-tension 
battery;  9)  source  of  photomultiplier  current  10) 
recorder. 


ated  with  the  Cotton  effect  can  be  observed  directly.  The 
main  results  of  Djerassi’s  work  can  be  briefly  summarized 
as  follows:  •  The  presence  of  a  carbonyl  group  close  to 
the  asymmetric  center  brings  about  a  marked  increase  in 
optical  rotation  with  decreasing  distance  from  the  ab¬ 
sorption  band  of  the  CO  group.  The  absolute  rotatory 
power  reaches  a  maximum  at  about  300  mp  and  thenstarts 
to  fall.  This  is  characteristic  of  all  substances  in  the  region 
of  "optically  active  absorption  bands."  The  magnitude  of 
the  maximum  is  governed  by  the  chemical  structure  of  the 
particular  compound:  rotation  decreases  with  increasing 
distance  of  the  CO  group  from  the  asymmetric  center. 

The  nature  of  the  anomaly  is  also  associated  with  the 
steric  configuration  and  may  serve  as  a  means  for  its  de¬ 
termination.  The  form  of  the  dispersion  curve  is  also  in¬ 
fluenced  by  conformational  factors.  Observations  on  a 
large  number  of  compounds  led  to  the  derivation  of  the 
following  important  law;  The  course  of  the  spectropolar- 
imetric  curve  depends  primarily  on  die  part  of  the  mole¬ 
cule  adjacent  to  the  asymmetric  center  and  remains  con¬ 
stant  if  the  "immediate  stereochemical  environment" 


remains  unchanged.  We  have  here  essentially  a  spectropolarimetric  confirmation  of  Chugaev’s  law  of  recession"  * 
[181  which  was  later  extensively  applied  by  other  scientists  and  was  known  in  the  West  as  Freudenberg's  "vicinal 
law"  [19]. 


During  the  last  5-6  years  Djerassi  has  published  nearly  thirty  papers  whose  importance  extends  far  beyond  the 
actual  field  investigated— the  stereochemistry  of  steroids,  triterpenes,  and  allied  substances.  In  essence  these  papers 
demonstrate  for  the  first  time  the  enormous  potentialities  of  ultraviolet  spectropolarimetry  as  a  new  technique  of 
chemical  research.  Yet  Djerassi  is  almost  the  sole  worker  in  this  interesting  and  promising  field.  Numerous  groups 
of  non-carbonylic  optically  active  compounds  still  await  investigation. 

In  our  laboratory  a  simple,  but  efficient  variant  of  the  photoelectric  spectropolarimeter  has  been  designed  for 
spectropolarimetric  investigations  in  the  visible  and  UV  spectral  regions.  A  line  diagram  is  shown  in  Fig.  1  and  a 
detailed  account  is  given  in  Experimental.  For  work  in  the  more  distant  ultraviolet  (below  280-300  mp)  the  polar- 
imeter  must  be  equipped  with  a  suitable  optical  system,  but  for  the  near  ultraviolet  any  device  can  be  used,  the 
glass  lenses  being  replaced  by  quartz.  In  some  cases  the  lenses  may  be  omitted,  as  also  the  split-field  attachment 
if  use  is  made  of  a  suitable  light  source  and  of  the  photoelectric  recorder. 

This  apparatus  enables  polarimetric  measurements  at  wavelengths  of  280-300  to  600-650  mp.  In  this  region 
the  attainable  accuracy  is  equal  to  that  of  the  best  modern  instruments  which  incorporate  a  more  complicated  photo¬ 
electric  system  than  in  our  case.  Measurements  may  also  be  made  outside  the  specified  range,  but  the  accuracy  is 
then  appreciably  lower.  It  should  be  noted  that  this  is  also  a  feature  of  Rudolph’s  polarimeter  (U.  S.  A.)  as  men¬ 
tioned  by  Djerassi  [20]). 

In  Table  1  are  presented  comparative  data  to  illustrate  the  accuracy  of  measurements  of  the  rotatory  disper¬ 
sion  of  saccharose  and  2-octanol.  Literature  data  for  rotation  of  saccharose  and  octanol  in  the  visible  region  are 
taken  from  Lowry’s  papers  [21,  24].  Lowry  used  a  precision  visual  polarimeter  with  6  dm  tubes.  Values  obtained  by 


•  For  the  last  investigation  in  this  series  see  [13];  a  survey  of  the  earlier  work  appears  in  [14];  the  general  importance 
of  the  method  is  discussed  in  [15].  Reviews  of  Djerassi’s  work  were  recently  published  in  Swiss  [16]  and  Japanese [17] 
journals. 

•  "Chugaev  called  it  the  "law  of  (chemical)  position." 
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TABLE  1.  Specific  Rotatory  Power  of  Saccharose  and  2-Octanol 


Wavelength 

(in  m) 

Saccharose 

2- 

Octanol 

own  meas¬ 
urements 

data  of 
Lowry  [21] 

and  Nutting 
[22] 

own  meas¬ 
urements 

literature  data 

Lowry 

[24] 

Hargreaves 

[23] 

589 

66.49° 

66.45° 

9.60° 

9.84° 

9.56° 

578 

69.36 

69.22 

10.1 

10.25 

10.06 

540 

77.91 

78.16 

11.3 

11.61 

11.30 

436 

128.0 

128.5 

18.5 

19.19 

18.64 

405 

151.7 

152.5 

21.8 

22.8 

23.23 

383 

172.6 

172.4 

24.3 

— 

— 

366 

192.3 

181.8 

27.6 

— 

29.1 

334 

238.2 

230.8 

30.6 

— 

35.1 

313 

279.5 

274.0 

40.5 

— 

43.0 

302 

307.0 

294.1 

43.7 

— 

46.7 

289 

343.4 

341.2 

— 

— 

— 

280 

372.9 

375.0 

1 

Hargreaves  [23]  for  octanol  by  a  photographic  method  are  also  set  forth.  The  values  for  rotation  of  saccharose  are 
very  much  less  reliable;  they  are  taken  from  an  early  paper  by  Nutting  [22]  who  used  a  novel,  but  insufficiently  ac¬ 
curate  photojgraphic  technique. 

The  first  substances  to  be  examined  with  the  new  instrument  were  some  optically  active  amines  whose  rotatory 
characteristics  had  been  the  subject  of  study  in  recent  years  in  our  laboratory  [25-31].  The  dispersion  curves  ob- 
obtained  for  «-phenylethylamine  (I),  a-benzylethylamine  (II)  and  2-aminobutane  (III)  are  shown  in  Fig.  2,  and  the 
corresponding  numerical  data  in  Table  2. 

The  rotatory  dispersion  of  amines  (I)  and  (II)  was  measured  without  a  solvent  and  in  isooctane  solutions.  We 
see  from  the  figure  that  up  to  290 mp  the  rotatory  dispersion  curve  of  a-phenylethylamine  has  a  normal  course, but 
at  shorter  wavelengths  the  rotation  starts  to  decrease.  Since  the  absorption  band  starts  approximately  in  this  region 
(Fig,  3),  it  might  be  suggested  that  we  have  here  an  anomalous  rotation  due  to  the  anisotropy  of  the  absorption  band 
of  the  benzene  ring.  However,  when  we  measured  the  rotatory  dispersion  of  a  SP/o  solution  of  the  amine  in  isooctane 
the  course  of  the  curve  down  to  280  mp  substantially  coincided  with  that  previously  found.  At  shorter  wavelengths 
the  dispersion  also  remained  normal;  it  could  be  followed,  although  with  diminished  accuracy,  down  to  245  mp 
(curve  la  Fig.  2).  We  are  therefore  justified  in  assuming  that  measurement  without  a  solvent  gives  an  inaccurate 
result  below  290  mp  ("a  false  anomaly")  apparently  associated  with  imperfect  monochromaticity  of  the  light  in  the 
absorption  band  the  light  of  the  measured  region  is  greatly  weakened  and  therefore  a  small  amount  of  scattered 
(parasitic)  light  transmitted  by  the  monochromator  leads  to  distortion  of  the  rotatory  powers.  It  should  be  noted  that 
when  setting  up  the  apparatus  we  often  encountered  "false  anomalies"  whose  position  was  markedly  dependent  not 
only  on  the  concentration,  but  also  on  the  thickness  of  the  layer  (i.e.,  on  the  absorptive  power).  The  smallest  pos¬ 
sible  concentrations  and  tube  lengths  should  therefore  be  used  in  the  ultraviolet. 

A  true  anomaly  differs  from  a  false  one  in  that  the  position  of  its  wavelength  does  not  shift  when  a  change 
in  layer  thickness  (by  a  factor  of  5-10)  leads  to  a  sharp  decrease  in  absorption.  A  check  by  measurements  at  differ¬ 
ent  concentrations  is  less  reliable  since  not  only  the  magnitude,  but  also  the  position  of  the  maximum  can  be  high¬ 
ly  dependent  on  the  concentration  [32]. 

A  true  anomaly  occurs  with  the  second  of  the  substances  examined— a-benzylethylamine  (II)— and  is  observed 
in  measurements  without  a  solvent  (about  285  mp)  in  isooctane  (about  280  mp).  In  this  connection  it  should 
be  pointed  out  that  an  anomaly  was  recently  found  (at  305  mp)  in  compounds  with  the  morphine  framework  [33] 
where  the  nitrogen- carrying  asymmetric  atom  is  in  the  B -position  to  the  aromatic  ring  just  as  in  a-benzylethyl¬ 
amine. 

The  rotatory  dispersion  of  2-aminobutane  was  earlier  studied  by  Baldwin  [34]  who  measured  the  rotation  in 
the  region  down  to  348  mp  and  expressed  the  relation  between  [a]  and  wavelength  by  a  Drude  equation  with  two 
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Fig.  2.  Rotatory  dispersion.  1)  «- 
phenylethylamine  (the  broken  curve 
indicates  the  apparent  course  for 
measurement  without  a  solvent); 

2)  a-bcnzylethylamine;  3)  2- 
aminobutane. 


\jnjt 

Fig.  3.  Absorption  spec¬ 
trum  of  a -phenylethyl¬ 
amine  in  isooctane. 

\max  ®  2.22); 

X-max  258  mfi  (log  2  2.29). 


terms.  On  extrapolating  the  resulting  mathematical  expression  into  the  short-wave  region,  Baldwin  calculated  that 
the  rotation  should  reach  a  maximum  at  2975  A  and  then  start  to  fall,  passing  through  zero  at  2850  A  changing  its 
sign.  Baldwin  went  as  far  as  329  mp  in  measuring  the  dispersion  of  a  9'7o  aqueous  solution  of  2-aminobutane.  He 
did  not  report  any  experimental  data  for  rotation  below  this  point;  however  in  the  text  of  his  paper  and  in  a  table 
he  notes  that  a  maximum  is  reached  at  315  mp  after  which  the  rotation  decreases  and  changes  sign  at  269  mp. 

We  traced  the  dispersion  curve  of  2-aminobutane  down  to  233  mp  (curve  3  in  Fig.  2).  In  this  case  the  meas¬ 
urements  axe  less  accurate  than  the  preceding  ones  due  to  the  small  values  of  the  measured  angles,  but  there  is  no 
doubt  that  the  dispersion  is  normal.  Baldwin  was  evidently  led  astray  by  a  false  anomaly.  He  could  more  easily 
mistake  this  for  the  true  anomaly  because  it  occurred  in  the  very  position  where  he  expected  to  find  it  on  the  basis 
of  the  Drude  equation. 

Evidently  the  constants  \o  in  Drude  equations  (applied  of  course  in  a  greatly  simplified  form)  with  two  and 
more  terms  should  not  be  directly  correlated  with  the  wavelengths  of  optically  active  absorption  bands.  This  is 
because  the  mathematical  relation  described  only  the  course  of  the  dispersion  curve  in  the  long-wave  region  of  the 
spectrum  and  it  cannot  be  extrapolated  beyond  the  limits  of  the  first  anomaly.  Here  the  dispersion  curve  often  be¬ 
comes  so  complex  that  it  is  no  longer  amenable  to  mathematical  expression;  many  cases  of  this  type  were  observed 
in  particular  by  Djerassi.  Nevertheless  the  simplest  form  of  the  Drude  equation  with  one  term  may  serve  for  ap¬ 
proximate  determination  of  the  position  of  the  first  anomaly:  for  ot- phenylethylamine  we  obtained  by  this  procedure 
\o~  185-190  mp  and  for  a  -benzylethylamine  250-255  mp. 


EXPERIMENTAL 

The  spectropolarimeter.  A  Bellingham  and  Stanley  polarimeter  was  adapted  for  work  in  the  ultraviolet  region 
It  had  an  ultraviolet- transparent  optical  system  and  a  scale  with  0,01*  graduations.  A  quartz  monochromator  was 
attached.  Photoelectric  recording  was  used  in  place  of  the  photographic  recording  recommended  by  the  firm.  The 
light  source  was  a  high-pressure  mercury  lamp  powered  by  direct  current  (7.5  amp,  in  the  circuit  were  an  ammeter 
and  a  rheostat  with  a  resistance  of  20  ohm).  The  light  passing  through  the  polarimeter  fell  on  a  FEU- 18  photo¬ 
multiplier  (powered  with  1000  v  from  dry  batteries)  whose  photocunent  was  directly  measured  by  a  M-93  micro¬ 
ammeter  with  1  p  A  and  0.1  p  A  scales.  The  emission  spectrum  of  a  high-pressure  mercury  lamp  consists  of  broad 
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lines  with  a  strong  background,  so  that  measurements  can  be  carried  out  not  only  at  long  wavelengths  corresponding 
to  the  mercury  lines,  but  also  in  any  other  desired  part  of  the  spectrum. 

Measurements  were  carried  out  by  the  method  of  symmetrical  angles  [35]:  Instead  of  the  nicols  being  crossed 
at  the  minimum  of  the  photocurrent  (which  cannot  be  done  with  an  accuracy  of  more  than  0.1- 0.5*),  the  analyzer 
is  displaced  from  the  crossed  position  until  the  electrical  recorder  registers  a  photocurrent  of  a  certain  strength,  and 
readings  are  taken  on  the  dial  of  the  polarimeter.  The  analyzer  is  then  rotated  in  the  opposite  direction,  returned  to 
the  crossed  position,  and  passed  through  it,  and  the  position  is  found  in  which  the  electrical  recorder  again  indicates 
a  photocurrent  of  the  same  strength  as  in  the  first  measurement.  Readings  are  again  taken  on  the  dial  of  the  polar¬ 
imeter,  the  two  readings  are  summed  and  the  sum  is  halved.  In  this  manner  the  position  of  the  crossed  nicols  is  found. 

High  accuracy  of  reading  can  be  attained  only  with  a  very  stable  light 
source  and  with  a  stable  current  supply  to  the  photomultiplier.  It  was 
found  that  the  stability  and  sensitivity  of  our  simple  circuit  was  such  that 
in  the  600-300  mp  region  the  difference  between  parallel  readings  was 
0.002-0.005*.  The  region  of  measurement  on  the  long- wave  side  was 
limited  by  the  sensitivity  of  the  photoamplifier  used;  however  measure¬ 
ments  could  be  made  as  far  as  700  mp  although  with  reduced  accuracy. 

In  the  ultraviolet  region  below  300  mp  the  accuracy  of  measurement 
was  again  reduced  due  to  the  decrease  in  intensity  of  the  light  source,  to 
the  diminished  sensitivity  of  the  photomultiplier,  and  mainly  to  the  in¬ 
trinsic  absOTption  of  the  substance.  In  this  region  fundamental  difficulties 
arose  which  were  associated  with  the  fact  that  in  the  vicinity  of  the  optic¬ 
ally  active  band  the  absorption  curve  I  =  lo  *  sin^of  becomes  unsymmetrical 
due  to  circular  dichroism.  But  since  in  the  ultraviolet  the  measured  angles  are  usually  extremely  large,  the  relative 
accuracy  decreases  less  sharply  in  spite  of  the  rise  in  the  absolute  error,  and  measurements  could  be  made  down  to 
wavelengths  of  the  order  of  250  mp  ,  if  the  substance  did  not  too  strongly  absorb  in  this  region. 

An  essential  condition  for  accurate  measurements  is  careful  adjustment  of  the  path  of  the  rays  in  the  apparatus. 
When  this  is  done  in  the  usual  manner  it  is  necessary  to  finally  true- up  the  apparatus  so  that  (with  a  very  narrow 
monochromator  slit)  the  maximum  deflections  on  the  microammeter  (i.e.,  the  photocurrent  in  both  positions  of  the 
parallel  nicols  differing  by  rotation  of  the  dial  through  180*)  are  identical.  The  best  check  of  maintenance  of  sym¬ 
metry  of  the  curve  I  =  Iq  •  sin^a  during  measurements  is  to  make  several  parallel  readings  not  at  one  value  of  the 
photocurrent,  but  at  several  values.  In  this  apparatus  we  usually  carried  out  readings  on  the  1  p  A  scale  for  deflec¬ 
tions  of  5  and  10  divisions,  and  changed  over  to  tht  0.1  pA  scale  on  approaching  the  limits  of  the  spectral  region 
covered  by  the  apparatus.  A  UFS-1  or  UFS-2  ultraviolet  light  filter  was  interposed  between  monochromator  and 
polarimeter  during  measurements  below  380  mp  in  order  to  absorb  scattered  parasitic  radiation. 

Polarimetric  tube.  Short  polarimetric  tubes  are  preferably  used  for  measurements  in  the  ultraviolet;  they  do 
not  diminish  the  accuracy  of  the  results  when  the  absolute  rotatory  powers  are  large,  and  they  largely  suppress  the 
difficulties  arising  from  the  intrinsic  absorption  of  the  substance.  The  tube  illustrated  in  Fig.  4  was  found  convenient. 
It  can  replace  the  set  of  ordinary  tubes  owing  to  the  presence  of  the  screw  (A)  and  the  variable- length  bushing  (B). 

We  made  use  of  stainless  steel  bushings  with  lengths  of  20,  10,  and  5  mm  calibrated  for  a  substance  of  known  rotatory 
power.  The  windows  were  discs  of  fused  quartz  (C  and  D). 

Optically  active  a-phenylethylamine  was  prepared  as  described  in  [36].  Its  [a]^  was  39.07*  (without  solvent, 
control  measurement  with  a  Hilger  visual  polarimeter).  Measurements  of  optical  activity  were  carried  out  with  a 
tube  0.05  dm  long  (amine  without  solvent)  and  with  0.5  and  0.05  dm  tubes  (5*70  solution  of  amine  in  isooctane). 

Optically  active  a-benzylethylamine  was  prepared  by  resolution  of  the  racemate  by  tartaric  acid  in  alcohol 
using  the  method  of  [37]  (compare  also  [28]),  [c<]j^  35.2*  (without  solvent).  Measurements  of  rotatory  dispersion 
were  made  with  tubes  of  the  lengths  indicated  for  a-phenylethylamine. 

2- Aminobutane  was  prepared  by  reductive  amination  of  methyl  ethyl  ketone  by  the  Leuckart  reaction.  A 
mixture  of  330  g  of  ammonium  carbonate  and  340  ml  of  8»7o  formic  acid  was  heated  to  165*,  and  145  g  of  methyl 
ethyl  ketone  was  added  in  the  course  of  20  hr.  (The  ketone  was  added  from  a  dropping  funnel  whose  stem  was  be¬ 
low  the  liquid  surface.)  The  reaction  mixture  was  heated  until  ammonium  carbonate  ceased  to  separate  in  the 
condenser.  The  mixture  was  then  extracted  with  300  ml  of  benzene,  220  ml  of  cone.  HCl  was  added  to  the  benzene 


B 


C  D 


Fig.  4.  Variable-length  polarimeter 
tube.  A)  Screw;  B)  bushing;  C  and 
D)  quartz  discs  (windows). 
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TABLE  2.  Rotatory  Dispersion  of  Optically  Active  Amines 


Wave  - 
length 

(in  m) 

Molecular  rotation  (at  20-22*) 

a-l’hcnylethylamine  | 

a-Benzylethylamine  | 

2-Atninobutane  without 

without 

solvent 

in  isooctane 

without 

solvent 

in  isooctane 

solvt 

own  meas¬ 
urements 

:nt 

Baldwin's 
data  [34] 

650 

39.5 '|0 

42.8° 

37.2° 

36.7° 

4.95° 

589 

47.28 

42.9 

47.5 

51.0 

5.90 

5.5° 

578 

49.14 

44.3 

50.0 

51.3 

6.11 

5.69 

5/.6 

.55.62 

51.9 

57.5 

57.9 

6.48 

6.3 

70.57 

70.7 

75.2 

75.4 

8.42 

7.9 

461 

83.20 

80.5 

91.3 

92.0 

9.72 

_ 

436 

95.08 

91.7 

107.5 

108.0 

10.8 

10.2 

405 

114.8 

113 

135.5 

136 

12.6 

— 

385 

131.0 

134 

160.6 

159 

13.2 

12.1 

365 

149.6 

151 

191.3 

190 

16.0 

14.5 

349 

169.1 

171 

226.3 

220 

— 

_ 

334 

189.5 

233 

269.5 

226 

17.2 

— 

319 

— 

— 

— 

— 

18.3 

_ 

313 

225.6 

— 

357.5 

356 

18.7 

_ 

310 

— 

_ 

— 

_ 

18.7 

_ 

307 

— 

— 

— 

— 

18.8 

_ 

302 

248.0 

232 

424.7 

417 

19.7 

_ 

297 

256.3 

— 

459 

442 

20.8 

_ 

293 

— 

— 

— 

— 

20.7 

_ 

289 

(256) 

252 

512 

503 

21.8 

_ 

286 

— 

514 

533 

21.4 

_ 

280 

(187) 

— 

417 

579 

22 

_ 

273 

— 

— 

264 

326 

23 

_ 

265 

— 

450 

— 

213 

26 

_ 

244 

— 

530 

— 

159 

37 

— 

extract,  the  benzene  distilled  off,  and  the  residue  refluxed  for  2-3  hr.  The  reflux  condenser  wa5  replaced  by  a 
fitting  with  a  dropping  funnel  and  a  sloping  condenser.  The  hydrochloride  was  decomposed  with  300  ml  of  so¬ 
dium  hydroxide  solution,  the  amine  being  simultaneously  distilled.  Boiling  point  of  the  pure  amine  61.7*  at  744  mm 
(in  a  Ifi-plate  column).  Yield  50-12’Jo. 

2- Aminobutane  was  resolved  into  its  antipodes  with  the  help  of  tartaric  acid  in  aqueous  solution  as  described 
in  the  literature  [38].  The  resulting (+)- 2- aminobutane  had  [a]*®D  +  8.1*,  which  was  rather  higher  than  the  litera¬ 
ture  value  ([o'lp  +  7.80*).  Measurements  of  rotatory  dispersion  were  carried  out  in  tubes  with  a  length  of  0.5  dm 
(in  the  long- wave  region)  and  0.05  dm  (in  the  short-wave  region). 

2-C)ctanol  was  resolved  into  antipodes  via  the  acid  phdialate,  for  which  purpose  the  usually  employed  brucine 
[39]  was  replaced  for  the  first  time  by  optically  active  ot-phenylethylamine.*  The  (— )-phenylethylamine  salt  of 
octanol  acid  phthalate  was  prepared  in  acetone  (600  ml  per  mole);  the  precipitated  salt  was  recrystallized  once  or 
twice  from  acetone,  and  decomposed  with  hydrochloric  acid.  The  acid  phthalate  of  (+)-octanol  was  finally  purified 
by  recrystallization  from  9QPjo  acetic  acid.  The  pure  acid  phthalate  of  (-)-octanol  was  similarly  isolated  from  the 
filtrates.  The  constants  and  rotatCMry  powers  of  optically  active  octanol  were  identical  with  the  literature  values. 


SUMMARY 

1.  A  simple  variant  of  the  photoelectric  spectrq)olarimeter  for  the  visible  and  ultraviolet  regions  is  described. 

2.  The  rotatory  dispersion  of  a-phenylethylamine,  a-benzylethylamine,  and  2-aminobutane  was  measured  in 
the  visible  and  ultraviolet  regions. 

3.  For  the  first  time  optically  active  a-phenylethylamine  was  used  as  the  asymmetric  reagent  in  the  resolu¬ 
tion  of  2- octanol  via  the  acid  phthalate. 
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The  synthesis  of  the  antitubercular  antibiotic  cycloserine  [1]  and  some  of  its  analogs  carried  out  recently  in 
our  laboratory  permitted  us  to  draw  some  conclusions  about  the  relationship  between  antibacterial  activity  and  chem¬ 
ical  structure  and  to  put  forward  a  tentative  hypothesis  on  the  mechanism  of  its  antibiotic  action  [2].  In  developing 
these  investigations  it  became  of  interest  to  determine  the  effect  of  a  sulfonamido  residue  on  the  antimicrobial  ac¬ 
tivity  of  cycloserine,  since  it  is  well  known  that  sulfonamido  compounds  with  a  heterocyclic  nucleus  are  character¬ 
ized  by  a  high  chemotherapeutic  activity  [3]. 

The  present  communication  describes  the  synthesis  of  4-sulfanilamidoisoxazolid-3-one  ("sulfacycloserine"), 
which  we  succeeded  in  obtaining  starting  with  a  substituted  ester  of  8-chloroalanine,  in  a  manner  similar  to  the 
method  used  earlier  by  Plattner  [4]  for  the  synthesis  of  cycloserine  itself  and  by  us  for  the  preparation  of  derivatives 
of  4-hydroxyisoxazolid-3-one  [5].  The  transformations  effected  in  the  course  of  the  synthesis  of  sulfacycloserine 
may  be  expressed  by  the  following  general  scheme; 


‘rClCUzCIlCOOCHg 

I 

NHj  .  nci^ 
(I) 


/ 


ClCllaCHCOOClla 

NnS02CcH4NHC0CH3 

(III)  ^ 


CICH2CHCOOCH3 


\ 


ch2=c-cooch3 


NIISO2C6H4NHCOCH3 

(II) 


/ 


/ 


I 

NHSO2C6H4NH2 

1(1V) 


H2NC6H4SO2NH- 


(V) 


-j - ^1=0  rClCHaCHCONHOH  I 

^  [  rsHSOaCefUNHaJ 


(Va) 


The  greatest  difficulties  were  encountered  in  preparing  the  methyl  ester  of  a-(lNr*-acetylsulfanilamido)-  B- 
chloroprop ionic  acid  (III),  which  is  the  key  compound  for  the  synthesis  of  sulfacycloserine.  This  was  connectedwith 
the  strong  tendency  of  (III),  being  a  derivative  of  a  6-halogenoacid,  to  undergo  dehydrohalogenation  under  the  ac¬ 
tion  of  agents  with  a  basic  character.  Thus,  in  the  condensation  of  the  hydrochloride  of  the  methyl  ester  of  6-chlo- 
roalanine  (I)  with  N-acetylsulfanilyl  chloride  in  the  presence  of  sodium  bicarbonate  in  a  water— dichlMoethane  sys¬ 
tem,  the  condensation  was  accompanied  by  the  elimination  of  HCl,  as  a  result  of  which  the  ethyl  ester  of  a-(N^- 
acetylsulfanilamido)-acrylic  acid  (II)  was  formed.  At  the  same  time,  by  using  anhydrous  potash  instead  of  sodium 
carbonate  as  the  condensing  agent  and  carrying  out  the  reaction  in  dioxane,  we  achieved  the  desired  result  and  ob¬ 
tained  the  methyl  ester  of  a-(N*-acetylsulfanilamido)-  6-chloropropionic  acid  (III).  On  treating  the  acetyl  deriva¬ 
tive  (III)  with  a  solution  of  hydrogen  chloride  in  anhydrous  methanol,  the  methyl  ester  of  a  -(sulfanilamido)-6- 
chloropropionic  acid  (IV)  was  obtained.  The  same  ester  (IV)  could  be  obtained  from  the  acrylate  (II),  also;  on 
treating  it  with  a  solution  of  hydrogen  chloride  in  anhydrous  methanol,  splitting  off  of  the  acetyl  group  and  addition 
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of  hydrogen  chloride  to  the  unsaturated  bond  occurred  simultaneously,  (IV)  being  formed  with  a  yield  of 
more  than  IVjo. 

In  passing  from  the  ester  of  an  a  -substituted  6  -chloropropionic  acid  (HI)  to  the  isoxazolidene  derivative,  we  first 
tried  to  effect  ring  closure  by  treating  (III)  with  hydroxylamlne  and  caustic  soda  at  a  low  temperature,  a  procedure 
which  we  used  in  the  synthesis  of  derivatives  of  4-hydroxyisoxazoIid-3-one  [4].  However,  under  these  conditions 
the  sulfonamido  derivatives  (III)  and  (IV)  merely  underwent  hydrolysis,  decomposing  into  acetylsulfanilamide  (or 
sulfanilamide)  and  pyrotartaric  acid.  The  synthesis  of  sulfacycloserine  (V)  was  carried  out  successfully  only  by  using 
sodium  methoxide  in  methanol  as  the  condensing  agent.  Under  these  conditions,  on  condensing (IV)  with  hydroxyl- 
amine,  4-sulfanilamidoisoxazolid-3-one  (V)  was  obtained.  The  reaction  obviously  proceeds  through  the  intermediate 
formation  of  the  hydroxamic  acid(Va). 

The  compound  obtained  does  not  give  a  coloration  with  ferric  chloride.  At  the  same  time,  the  blue  coloration 
with  nitroprusside  which  is  characteristic  for  compounds  containing  an  isoxazolidone  ring  [61  appears  only  on  heating. 
For  this  reason,  the  structure  of  the  compound  we  obtained  was  in  need  of  proof.  On  heating  (V)  briefly  with  1070 
alkali,  cycloserine  was  formed,  as  was  shown  by  paper  chromatography,  and  the  substance  is  therefore  a  cycloserine 
derivative. 

A  more  direct  proof  of  the  structure  of  the  sulfacycloserine  we  prepared  was  obtained  by  hydrogenating  (V) 
over  platinum.  As  has  been  shown  earlier  in  our  laboratory  [7],  under  these  conditions  hydrogenolysis  of  the  N— O 
bond  of  the  isoxazolidone  ring  takes  place,  which  may  be  successfully  employed  as  a  proof  of  the  structure  of  ana¬ 
logs  of  cycloserine.  On  hydrogenating  ( V)  over  platinum,  the  amide  of  N-sulfanilylserine  was  isolated  and  found  to 
be  identical  with  a  sample  of  this  compound  obtained  from  die  hydrochloride  of  the  methyl  ester  of  serine  by  a  dif¬ 
ferent  route,  leaving  no  doubts  about  its  structure. 


Il2NCeH4S02NH 


=0  — ^  MOCHaCHCONHj 
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NH 


(V) 
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IIOCII2CHCOOCH3 
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NllS02C,5H4N[l2 
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HOCHiCHCOOCIla 


HOCH2CHCOOCH3 

I  I 

NllS02CeH4NHC0CH3  NHS02C«H4NH2.I1CI 


The  two  samples  of  the  amide  (VI)  were  completely  identical  in  the  mixed  melting  point  test;  this  conclu¬ 
sively  establishes  the  structure  of  the  sulfacycloserine  which  we  obtained.  This  new  cycloserine  derivative  has  been 
sent  for  chemotherapeutic  trials  the  results  of  which  will  be  published  separately. 


EXPERIMENTAL 

The  methyl  ester  of  a-(N*-acetylsulfanilamido)-acrylic  acid  (II).  A  solution  of  8.4  g  of  sodium  bicarbonate 
in  100  ml  of  water  was  added  slowly,  dropwise,  to  8  g  of  N-acetylsulfanilyl  chloride  in  150  ml  of  dichloroethane 
and  5.4  g  of  the  hydrochloride  of  the  methyl  ester  of  6-chloroalanine  in  50  ml  of  water.  The  mixture  was  stirred 
for  6  hr  and  left  overnlj^t.  The  colorless  crystalline  substance  (II)  that  had  precipitated  was  filtered  off  and  washed 
with  cold  ether;  yield,  2.8  g.  The  dichloroethane  filtrate  was  evaporated  to  dryness  and  an  additional  2  g  of  (II)  was 
obtained.  After  recrystallization  from  anhydrous  isopropanol,  the  total  yield  was  4.8  g(40%).  M.p.  171-173". 

Found ‘yo:  N  8.88,  8.60.  C12H14O5N2S.  Calculated ‘7o:  N  8.89. 

The  methyl  ester  of  of-(N*-acetylsulfanilamido)-  B- chloropropionic  acid  (III).  To  a  suspension  of  10  g  of  the 
hydrochloride  of  the  methyl  ester  of  6-chloroalanine  in  80  ml  of  dioxane  was  added,  with  stirring,  20  g  of  anhydrous 
potassium  carbonate  and  3  ml  of  water  and  then,  slowly  at  0",  26.7  g  of  N-acetylsulfanilyl  chloride,  after  which  the 
mixture  was  stirred  at  room  temperature  for  4  hr  and  poured  into  400  ml  of  ice  water,  and  the  solid  substance  precip¬ 
itating  was  filtered  off,  washed  with  water,  and  dried  in  the  air.  Yield,  9.8  g  {M%).  After  recrystallization  from 
dry  isopropanol,  m.p  165-166*. 

Founder  N  8.04,  7.78;  Cl  10.24,  10.34.  CisHisOgNjSCl.  Calculated  N  8.00;  Cl  10.14. 

Hydrochloride  of  a-sulfanilamido-B-chlcxopropionic  acid.  The  compound  (III)  (1.53  g)  was  heated  with 
10  ml  of  l&7o  hydrochloric  acid  on  the  boiling  water  bath  for  30  min.  Then  the  water  was  evaporated  off  and  the 


residue,  which  crystallized  on  cooling,  was  washed  with  isopropanol  and  ether  and  recrystallized  from  isopropanol. 
Yield,  1  g(627o);  m.p.  182-184"(with  decomposition). 

Found  <70:  N  9.02,  9.06;  Cl  22.36,  22.24.  C9H12O4N2SCI2.  Calculated  <70;  N  8.90;  Cl  22.54. 

Hydrochloride  of  the  methyl  ester  of  a- sulfanilamide- 3 -chloropropionic  acid  (IV).  A  dry  hydrogen  chloride 
was  passed  into  a  mixture  of  1.53  g  of  the  ester  (II)  in  25  ml  of  anhydrous  methanol  at  4-8".  Then  the  methanol  was 
evaporated  off  and  the  residue  crystallizing  was  recrystallized  from  isopropanol.  M.p.  158-160".  Yield  0.8  g(72<7o). 

Founder  N  8.51.  8.68;  Cl  20.70,  20.53.  C10HHO4N2SCI2.  Calculated ^o;  N  8.53;  Cl  21.00. 

B.  A  mixture  of  7  g  of  the  ester  (III)  in  100  ml  of  anhydrous  methanol  was  saturated  with  dry  hydrogen  chlo¬ 
ride  at  5"  and  left  for  3  hr  at  room  temperature.  After  working  up  in  a  manner  similar  to  that  described  above,  the 
yield  of  substance  (IV)  was  5.4  g  (747o);  m.p.  158-160".  In  a  mixed  melting  point  test  with  the  substance  obtained 
above  no  depression  of  the  melting  point  was  given. 

4-Sulfanilamidoisoxazolid-3-one  (sulfacycloserine)  (V).  A  solution  of  0.7  g  of  hydroxylamine  hydrochloride 
in  20  ml  of  anhydrous  methanol  was  added  dropwise,  with  stirring  and  at  a  temperature  not  above  3",  to  a  solution 
of  sodium  methoxide  (0.7  g  of  sodium  and  20  ml  of  methanol)  and,  with  strong  cooling,  this  was  followed  by3.29  g 
of  the  hydrochloride  of  a-sulfanilamido-6-chloropropionic  acid,  after  which  the  mixture  was  stined  for  2  hr  at  0" 
and  two  hours  at  15".  Then,  with  the  temperature  maintained  not  higher  than— 10",  it  was  acidified  with  1  ml  of 
407o  methanolic  hydrogen  chloride  and  filtered,  the  residue  was  dissolved  in  10  ml  of  anhydrous  methanol  and  the 
solid  substance  was  precipitated  with  absolute  ether.  Yield,  1.1  g;  m.p.  135-150".  After  repeated  precipitation  with 
ether  from  methanol,  the  yield  was  0.6  g;  m.p.  169-176".  After  standing  for  a  day  at  room  temperature,  the  filtrate 
deposited  a  colorless  crystalline  substance.  Yield  0.4  g;  m.p.  175-176".  Total  yield,  1.0  g  (407o). 

Found  '7„:  C  42.23,  42.13;  H  4.73,  4.72;  N  16.36,  16.24.  C9H11O4N3S.  Calculated <70:  C  42.02;  H  4.75;  N  16.32. 

Metliyl  ester  of  N-(N*-acetylsulfanilyl)-serine.  To  a  suspension  of  3.9  g  of  the  hydrochloride  of  the  methyl 
ester  of  serine  in  85  ml  of  dioxane  were  added  with  stirring  8.5  g  of  anhydrous  potassium  carbonate,  6.5  g  of  N- 
acctylsulfanilyl  chloride  and  15  ml  of  water.  After  the  addition  of  the  water,  stirring  at  room  temperature  was  con¬ 
tinued  for  48  hr,  the  salt  that  precipitated  was  filtered  off,  and  the  filtrate  was  evaporated  to  a  volume  of  15  ml;  the 
material  that  crystallized  out  was  treated  with  15  ml  of  anhydrous  alcohol  and  20  ml  of  ether,  and  the  crystalline 
substance  separating  was  filtered  off  and  washed  with  ether.  Yield  7  g  (60i7o).  M.p.  158-159  (from  alcohol). 

Founder  N  8.91,  9.08.  C,2Hi606N2S.  Calculated  %:  N  8.90. 

Hydrochloride  of  the  methyl  ester  of  N-sulfanilylserine.  A  mixture  of  6.5  g  of  the  methyl  ester  of  N-(N^- 
acetylsulfanilyl)-serine  in  80  ml  of  anhydrous  methanol  was  saturated  at  10-20"  with  dry  hydrogen  chloride  and 
allowed  to  stand  for  3  hr,  after  which  it  was  evaporated  to  dryness,  and  the  residue  was  recrystallized  from  alcohol. 
Yield,  5.2  g  (81'7o).  M.p.  161-162r(with  decomp.). 

Found  %:  N  9.36,  9.34;  Cl  10.73,  10.61.  CioHu;05N2SCl.  Calculated  ^o:  N  9.24;  Cl  10.41. 

Amide  of  N-sulfanilylserine.  The  hydrochloride  of  the  methyl  ester  of  N-sulfanilylserine  (1.24  g)  was  dis¬ 
solved  in  30ml  of  anhydrous  alcohol,  neutralized  with  sodium  ethoxide  (from  0.092  g  of  sodium  and  10ml  of  anhy¬ 
drous  alcohol),  and  the  sodium  chloride  depositing  was  filtered  off.  The  filtrate  was  saturated  with  dry  ammonia 
at  5",  allowed  to  stand  for  two  days  at  room  temperature,  boiled  for  3  hr  and  evaporated  to  dryness,  and  the  residue 
was  recrystallized  from  alcohol  and  washed  with  alcohol  and  ether.  Yield  0.4  g{34^o).  M.p,  159-160". 

Found  70;  C  41.81,  41.76;  H  5.14,  5.11;  N  16.17.  C9H13O4N3S.  Calculated  7o:  41.69;  H  5.02;  N  16.14. 

Hydrogenation  of  4-sulfanilamidoisoxazolid-3-one.  Sulfacycloserine  (0.25  g)  in  20ml  of  anhydrous  methanol 
was  hydrogenated  over  platinum  oxide  at  room  temperature;  after  1  hr  the  catalyst  was  filtered  off  and  the  filtrate 
was  evaporated  to  dryness  in  vacuo.  The  residue  was  dissolved  in  2  ml  of  methanol  and  the  addition  of  ether  yielded 
0.18  g  of  the  amide  of  N-(N^-sulfanilyl)-serine  with  m.p.  159- 160"( from  alcohol).  A  mixed  melting  point  test  with 
a  sample  obtained  from  the  methyl  ester  of  N-sulfanilylserine  showed  no  depression  of  the  melting  point. 

SUMMARY 

1.  A  method  for  the  synthesis  of  4-sulfanilamidoisoxazolid-3-one  (sulfacycloserine)  by  cyclizing  the  hydro¬ 
chloride  of  the  methyl  ester  of  a-sulfanilylamlno-6-chloropropionic  acid  with  hydroxylamine  in  the  presence  of 
sodium  methoxide  has  been  developed. 
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2.  The  structure  of  the  compound  obtained  has  been  demonstrated  by  its  hydrogenation  and  by  the  unequivocal 
synthesis  of  the  amide  of  N-sulfanilylserlne. 
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Because  6-aminoethylindole  (tryptamine)  and  5-hydroxy-3-(8-aminoethyl)- indole  (serotonin)  arc  important 
in  the  principal  physiological  processes  of  the  organism,  a  number  of  papers  have  recently  appeared  which  are  de¬ 
voted  to  the  synthesis  of  substances  of  closely  related  structure  which  may  prove  to  be  antimetabolites  of  these  com¬ 
pounds. 

At  the  end  of  1957,  a  paper  of  Ainsworth’s  was  published  on  the  synthesis  of  3-(6-aminoethyl)-indazole  start¬ 
ing  from  3-ethoxycarbonyltetrahydroindazole  and  3-hydroxymethylindazole.  We  synthesized  this  compound  by  an¬ 
other  route— through  indazol-3-ylacetic  acid,  its  ester  and  its  amide;  the  last-named  compound  was  subjected  to 
dehydration  under  the  action  of  p- toluene  sulfonyl  chloride  [1],  and  the  nitrile  of  l-(p-tosyl)-indazol-3-ylacetic 
acid  was  reduced  with  hydrogen  in  the  presence  of  a  skeletal  nickel  catalyst  at  60  atm.  The  l-(p-tosyl)-3-(6- 
aminoeihyl)-indazole  was  subjected  to  saponification  with  25^o  hydrochloric  acid,  and  the  3-(6-aminoethyl)-inda- 
zole  formed  was  isolated  from  the  reaction  mixture  in  the  form  of  its  monopicrate  which  was  then  converted  into  the 
dihydrcKhloridc  of  3-(3-aminoethyl)-indazole. 

It  was  of  interest  to  investigate  the  possibility  of  obtaining  3-(8-aminoethyl)-indazole  from  3-(8-chloroethyl)- 
indazole  by  Gabriel’s  reaction  with  potassium  phthalimide.  However,  it  was  found  that  the  formation  of  3-(8- 
phthalimidoethyO-indazole  did  not  take  place  either  on  fusion  with  potassium  phthalimide  at  180-200*  without  a 
catalyst,  or  with  the  use  of  eopper  bronze,  cuprous  chloride  and  potassium  iodide  as  catalysts,  or  with  the  use  of 
xylene  as  a  solvent. 

On  carrying  out  the  reaction  of  3-(8-chloroethyl)-indazole  with  potassium  phthalimide  in  dimethylformamide 
[2],  tlie  dihydrochloride  of  3-(8-aminoethyl)-indazole  was  isolated,  but  the  yield  of  this  compound  was  low(~  loyo). 

The  initial  3-(8-chloroethyl)-indazole  was  obtained  from  the  ethyl  ester  of  indazol-3-yIaeetie  acid  by  reduc¬ 
tion  with  LiAlH4to 3-(8-hydroxyethyl)-indazole  and  the  reaction  of  the  latter  with  thionyl  ehloride  [3]. 

EXPERIMENTAL 

Ethyl  ester  of  indazol-3-ylaeetic  aeid.  A  mixture  of  44.3  g  of  indazol-3-ylacetic  acid,  500  ml  of  anhydrous 
alcohol  and  20  ml  of  concentrated  sulfuric  acid  was  boiled  for  11  hr.  The  solution  was  concentrated  to  100  ml  in 
vacuo  and  poured  into  600  ml  of  ice  water.  The  oily  substance  was  extracted  with  ether  and  the  ethereal  solution 
was  dried  over  magnesium  sulfate.  The  residue  after  evaporating  off  the  ether  was  distilled  in  vacuo.  A  yield  of 
38.4  g(757(>)  of  the  ethyl  ester  of  indazol-3-ylacetic  acid  in  the  form  of  a  mobile  colorless  liquid  with  b.p.  167* 
at  0.6  mm  was  obtained.  It  was  readily  soluble  in  the  usual  organic  solvents. 

Founder  C  64.71;  H  6.05;  N  13.25.  CjiHizOjNj.  Calculated  7o:  C  64.69;  H  5.92;  N  13.72. 

Amide  of  indazol-3-ylacetic  acid.  The  ethyl  ester  of  indazol-3-ylacetie  acid  (25  g)  was  heated  in  400  ml 
of  a  15f7o  solution  of  ammonia  in  alcohol  in  an  autoclave  for  12  hr  at  80-90*.  After  most  of  the  solvent  had  been 
removed,  a  pinkish  substance  crystallized  out  (18.5  g,  86.3^o).  It  crystallized  from  water  in  the  form  of  needles 
with  m.p.  157.5-158.5*.  It  was  readily  soluble  in  aleohol  and  dioxane;  sparingly  soluble  in  ethyl  acetate,  benzene, 
chloroform,  and  ether. 

Found  <yo;  C  61.65;  H  5.16;  N  24.29.  C9H9ON3.  Calculated  7..;  C  61.70;  H  5.13;  N  23.99. 
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was  neutralized  with  407o  NaOH  to  pH  6.5-7  and  twice  extracted  with  chloroform,  each  time  with  energetic  shaking 
f<x  one  hour  (the  first  portion  of  chloroform  was  equal  in  volume  to  the  mother  solution,  the  second  was  half  as 
large).  The  chloroform  extract  was  dried  with  anhydrous  Na2S04,  and  the  chloroform  was  distilled  off.  The  dry  res¬ 
idue  was  crystallized  from  methanol;  34.5  g(72.0^)  of  the  1,4-di-N- oxide  of  2,3-dimethylquinoxaline  with  m.p. 
190-191*  [5]  was  obtained. 

2-Acetoxymethyl-3-methylquinoxaline.  Eighteen  grams  of  the  mono N- oxide  of  2,3-dimethylquinoxaline  was 
boiled  with  90  ml  of  acetic  anhydride  for  1  hr  with  gentle  stirring,  then  the  acetic  anhydride  was  distilled  off  in 
vacuo  and  the  residue  (a  dark  oily  substance)  was  distilled  at  1-2  mm  residual  pressure,  the  fraction  boiling  between 
145  and  160*  at  1  mm  being  collected.  The  oily  substance  obtained,  which  crystallized  on  cooling,  was  purified  by 
crystallization  from  petroleum  ether.  The  yield  of  2- acetoxy methyl-3- methylquinoxaline  was  12.6  g(56.S!i()).  It  is 
a  colorless  crystalline  substance  with  m.p.  60-61*  [4]. 

Found  C  66.67;  H  5.55;  N  12.98.  C12H12O2N2.  Calculated  °lo\  C  66.66;  H  5.59;  N  12.95. 

2.3- Bis-( acetoxymethyl)-qulnoxaline.  The  1,4-di-N- oxide  of  2,3-dimethylquinoxaline  (26.3  g)  was  boiled 
with  stirring  for  1  hr  with  260  ml  of  acetic  anhydride,  the  mixture  was  evaporated  in  vacuo,  and  the  residue  was  dis¬ 
tilled,  the  fraction  boiling  between  165  and  185*  at  1-2  mm  being  collected.  An  oily  substance  was  obtained  which 
rapidly  solidified  on  cooling  and  was  crystallized  from  methanol;  20.5  g  (5^o)  of  2,3-bis-(acetoxymethyl)-quinox- 
aline  was  obtained  as  colorless  crystals,  insoluble  in  water,  soluble  on  warming  in  alcohols.  M.p.  92-93*. 

Found  %:  C  61.27,  61.18;  H  5.05,  5.2;  N  10.17.  10.21.  C,4Hi404N2.  Calculated ‘/o:  C  61.3;  H  5.14;  N  10.21. 

Production  of  2- acetoxymethyl-3- methyl-  and  2,3-bis-(acetoxymethyl)-quinoxalines  from  a  mixture  of  the 
mono-  and  Di-N-oxides  of  2,3-dimethylquinoxaline.  Fourteen  grams  of  a  mixture  of  the  mono-  and  di-N-oxides 
of  2,3-dimethylquinoxaline  (isolated  from  the  mother  liquors  in  the  preparation  of  the  mono-  N-oxide  of  2,3-di¬ 
methylquinoxaline)  was  boiled  in  100  ml  of  acetic  anhydride  with  stirring  for  1  hr,  then  the  acetic  anhydride  was 
distilled  off  in  vacuo,  and  the  residue  was  distilled,  two  fractions  being  collected:  1st  fraction,  b.p.  145-155" at  1mm; 
2nd  fraction,  b.p.  160-174*at  1  mm.  After  crystallization  from  petroleum  ether,  3  g  of  2- acetoxymethyl-3- methyl¬ 
quinoxaline  (m.p.  56-57“)  was  obtained  from  the  1st  fraction.  The  second  fraction,  crystallized  from  methanol,  gave 
4.2  g  of  2,3-bis-(acetoxymethyl)-quinoxaline  (m.p.  86-87*). 

1.4-  Pi- N-oxide  of  2- acetoxymethyl-3- methylquinoxaline.  A  mixture  of  347.2  ml  of  glacial  acetic  acid 
125  ml  of  acetic  anhydride,  and  86  ml  of  perhydrol  (27-287o)  was  allowed  to  stand  for  15  hr,  after  which  12.5  g  of 
2-acetoxymethyl-3-methylquinoxaline  was  added.  The  reaction  solution  was  heated  at  50*  for  32  hr,  then  it  was 
evaporated  at  35-40*  to  a  volume  of  30-40  ml,  neutralized  with  a  saturated  solution  of  NaHCO^,  with  stirring  and 
cooling,  to  pH  5.5-6,  and  twice  extracted  with  chloroform  (each  time  by  shaking  vigorously  for  1  hr;  for  the  first 
extraction,  the  volume  of  CHCI3  was  equal  to  the  volume  of  the  reaction  solution,  and  for  the  second,  half  this  vol¬ 
ume  of  CHCI3  was  taken).  The  chloroform  extract  was  dried  with  anhydrous  Na2S04  and  evaporated  to  dryness  in 
vacuo.  The  residue  was  ground  with  ether,  and  the  crystalline  substance  so  formed  was  filtered  off  and  purified  by 
recrystallization  from  a  mixture  of  ethyl  acetate  and  petroleum  ether.  After  two  recrystallizations,  6  g(4l.8P^))  of 
the  1,4-di-N- oxide  of  2-acetoxymethyl-3-methylquinoxaline  was  obtained  in  the  form  of  a  pale  yellow  crystalline 
substance,  fairly  readily  soluble  in  water  (better  on  heating)  and  in  alcohol,  and  insoluble  in  petroleum  ether. 

M.p.  117-118". 

Found ‘7o;  C  58.14;  H  4.99;  N  11.06.  C12H12O4N2.  Calculated ‘7o:  C  58.06;  H  4.87;  N  11.28. 

1. 4-  Di- N-oxide  of  2- hydroxymethyl- 3- methylquinoxaline.  a)  Hydrochloric  acid  (2  N,  150  ml)  was  heated 

to  boiling,  5.38  g  of  the  1,4-di-N- oxide  of  2- acetoxymethyl-3- methylquinoxaline  was  added,  and  the  reaction  solu¬ 
tion  was  boiled  with  stining  for  15  min,  then  it  was  rapidly  cooled,  treated  with  activated  carbon,  and  filtered.  The 
filtrate  was  extracted  3  times  with  chloroform  (for  30  min  each  time,  using  200  ml  of  CHCI3),  the  chloroform  extract 
was  separated,  dried  over  anhydrous  Na2S04,  and  evaporated  to  dryness  in  vacuo,  and  the  residue  was  crystallized 
from  alcohol  or  benzene.  The  1,4-di-N- oxide  of  2-hydroxymethyl-3-methylquinoxaline  (3  g,  67.2f7o)  was  obtained 
in  the  form  of  a  yellow  crystalline  substance,  readily  soluble  in  water.  M.p.  178-179’  [4]  (with  decomp.). 

Found  <70:  C  58.6;  H  4.88;  N  13.4.  CioHioO^Nj.  Calculated  <7o;  C  58.24;  H  4.89;  N  13.58. 

b)  Glacial  acetic  acid  (85.5  ml),  perhydrol  (27-287o,  21.5  g),  and  acetic  anhydride  (28.5  ml)  were  allowed 
to  stand  fear  15  hr  and  then  3.15  g  of  2-acetoxymethyl-3-methylquinoxaline  was  added,  and  the  mixture  was  heated 


Nitrile  of  l-(p-tosyl)-indazol-3-ylacetic  acid,  A  mixture  of  8.75  g  of  the  amide  of  indazol-3-ylacetic  acid, 

19  g  of  p- toluene  sulfonyl  chloride  and  30  ml  of  pyridine  was  heated  on  the  boiling  water  bath  for  45  min.  The  re¬ 
action  mixture  was  poured  into  500  ml  of  ice  water,  and  the  precipitate  was  filtered  off  and  recrystallized  from 
200  ml  of  70%  alcohol.  About  12  g  of  a  brown  substance  crystallized.  After  two  recrystallizations  from  a  small 
amount  of  ethyl  acetate  with  the  addition  of  petroleum  ether,  7.5  g  (48.3%)  of  a  substance  with  m.p.  138-141*  was 
obtained.  After  four  recrystallizations,  the  nitrile  of  l-(p-tosyl)-indazol-3-ylacetic  acid  formed  a  pale  greenish 
crystalline  powder  with  m.p.  141.5-142*,  soluble  in  alcohol,  benzene,  ethyl  acetate,  and  chloroform,  and  Insoluble 
in  petroleum  ether  and  diethyl  ether. 

Found  ‘7.-:  C  61.77;  H  4.15;  N  13.38.  C16H13O2N3S.  Calculated  %;  C  61.71;  H  4.21;  N  13.50. 

In  the  first  two  recrystallizations  of  the  nitrile  of  l-(p-tosyl)-lndazol-3-yl  from  ethyl  acetate,  about  1  g  of  a 
more  sparingly  soluble  substance  was  isolated.  After  several  recrystallizations  of  tfiis  from  ethyl  acetate,  a  color¬ 
less  crystalline  substance  with  m.p.  211-212*,  sparingly  soluble  in  the  usual  organic  solvents,  was  obtained.  The 
results  of  elementary  analysis  and  its  reaction  with  p- toluene  sulfonyl  chloride  showed  that  it  was  the  amide  of 
l-(p-tosyl)-indazol-3-ylacetic  acid. 

Found  %:  C  58.46;  H  4.71;  N  12.71.  CisHisOiNjS.  Calculated  %:  H  4.59;  N  12.79;  C  58.34. 

Hydrochloride  of  l-(p-tosyl)-3-(B-aminoethyl)-indazole.  The  nitrile  of  l-(p-tosyl)-indazol-3-ylacetic  acid 
(14  g)  in  700  ml  of  15%  alcoholic  ammonia  was  hydrogenated  in  the  presence  of  a  supported  nickel  catalyst  at 
60  atm.  and  50*  for  3  hr.  After  removal  of  the  solvent,  an  alcoholic  solution  of  hydrogen  chloride  was  added  to  the 
residue.  The  hydrochloride  of  l-(p-tosyl)-3-(0-aminoethyl)-inda.zole  which  crystallized  out  (10  g  with  m.p.  214- 
215*)  was  recrystallized  from  anhydrous  alcohol,  to  give  7.5  g(47.5%)  of  a  colorless  macrocrystalline  substance  with 
m.p.  230*  (with  decomp.). 

Found  %;  C  54.78;  H  5.27;  Cl  10.07.  CieHigOzNjSCl.  Calculated  %;  C  54.61;  H  5.16;  Cl  10.08. 

nihydrochloride  of  3-(B-aminoethyl)-indazole.  l-(p-Tosyl)-3-(6-aminoethyl)-indazole  (7.5  g)  was  boiled 
with  130  ml  of  25%  hydrochloric  acid  for  1  hr  20  min  (to  complete  solution).  The  solution  was  evaporated  to  dryness, 
the  residue  was  dissolved  in  100  ml  of  hot  water  and  neutralized  with  alkali,  and  to  the  hot  aqueous  solution  was 
added  a  boiling  solution  of  picric  acid.  On  cooling,  the  picrate  of  3-(6-aminoethyl)-indazole  (6.6  g,  m.p.  217-218“) 
separated  out,  and  this,  after  two  recrystallizations  from  water,  was  converted  in  the  usual  manner  into  the  dihydro¬ 
chloride  of  3-(6-aminoethyl)-indazole.  After  two  recrystallizations  (from  absolute  ether  with  the  addition  of  ethyl 
acetate,  and  from  ether),  3.1  g(62%)  of  the  dihydrochloride  of  3-(B-aminoethyl)-lndazole  with  m.p.  218-223*  (in 
a  sealed  capillary)  was  obtained. 

Found  %;  Cl  29.93.  C9H13N3CI2.  Calculated  %:  Cl  30.28. 

3-(0-Hydroxyethyl)-indazole.  To  a  suspension  of  7  g  of  LiAlH4in  350  ml  of  ether  was  added  25  g  of  the  ethyl 
ester  of  indazol-3-ylacetic  acid  in  90  ml  of  ether  over  45  min  at  room  temperature.  After  being  stirred  for  2  hr  at 
room  temperature,  the  reaction  mixture  was  boiled  for  1  hr.  Then  6  ml  of  water,  20%  NaOH  and  30  ml  of  water 
were  added  and  the  mixture  filtered.  The  residue  on  the  filter  was  extracted  with  hot  ethyl  acetate.  On  evaporat¬ 
ing  off  the  ether  and  the  ethyl  acetate,  12.86  g  (65%)  of  3-(0-hydroxyethyl)-indazole  with  m.p.  104-107*  was  iso¬ 
lated.  After  recrystallization  from  benzene,  it  formed  a  white  powder  with  m.p.  107-108*. 

Found  %:  C  66.41;  H  6.44;  N  17.49.  CgHjoONj.  Calculated  %;  C  66.64;  H  6.21;  N  17.24. 

Hydrochloride  of  3-(0-chloroethyl)-indazole.  A  mixture  of  8.8  g  of  3-(8-hydroxyethyl)-indazole  and  100  ml 
of  thionyl  chloride  was  boiled  fw  2  hr.  After  removal  of  the  thionyl  chloride  and  the  addition  of  ether,  10.57  g  of 
a  substance  with  m.p.  140-152*  (with  decwnp.)  was  obtained.  By  recrystallizing  this  product  from  alcohol  with  the 
addition  of  ether,  6.8  g(57.5%)  of  a  substance  with  m.p.  148-153*  was  obtained.  Twice  recrystallized  from  alcohol 
with  the  addition  of  ether,  the  hydrochloride  of  3-(6-chloroethyl)-indazole  had  m.p.  150-155*  (with  decomp.). 

Found  %;  Cl  32.87;  N  12.98.  CaHioNjClj.  Calculated  %:  Cl  32.66;  N  12.91. 

3-(B-Chloroethyl)-indazole.  The  hydrochloride  of  3-(B-chloroethyl)-indazole  (1  g)  was  ground  with  an 
aqueous  solution  of  sodium  bicarbonate,  and  then  the  residue  was  filtered  off  and  washed  with  water.  After  two  re- 
crystallizations  from  a  large  quantity  of  benzene,  the  3-(B-chloroethyl)-indazole  was  obtained  in  the  form  of  a 
macrocrystalline  powder  with  m.p.  91-93.5*,  readily  soluble  in  the  usual  organic  solvents,  but  insoluble  in  petro¬ 
leum  ether. 
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Found  ^o;  Cl  20.18.  CjHjNjCl.  Calculated  ^o:  Cl  19.63. 

1-  Acetyl- 3-( 6  -  chloroethyl)-  indazole.  A  mixture  of  0.9  g  of  3-(6-chloroethyl)-indazole  In  10  ml  of  acetic 
anhydride  was  heated  on  the  boiling  water  batfi  for  5  hr  and  then  the  mixture  was  poured  into  water.  A  yield  of 
0.84  g  of  a  substance  with  m.p.  83-84*  was  obtained.  The  l-acetyl-3-(6-chloroethyl)- indazole  crystallized  from 
70^  acetic  acid  in  the  form  of  needles  with  m.p.  84-85.5*;  it  was  readily  soluble  in  the  usual  organic  solvents. 

Found  'V.  c  59.23;  H  5.15;  Cl  16.18.  CuHnONjCl.  Calculated  C  59.33;  H  4.98;  Cl  15.88. 

Dil^drochlorlde  of  3-(8-aminoethj|l)- Indazole.  A  mixture  of  3.6  g  of  3-(8-chloroethyl)- indazole,  3.7  g  of 
potassium  phthalimide,  and  15  ml  of  dry  dimethylformamide  was  slowly  heated  to  120*,  was  maintained  at  this  tem¬ 
perature  for  4  hr,  and  was  then  heated  for  a  further  4  hr  at  150-160*.  The  residue  was  filtered  off,  and  the  filtrate 
was  evaporated  in  vacuo.  The  residue  was  dissolved  in  chloroform,  and  the  solution  was  washed  with  N  NaOH.  The 
phthalimide  derivative  obtained  after  removing  the  chloroform  was  mixed  with  10  ml  of  alcohol  and  0.8  ml  of  hy¬ 
drazine  hydrate  and  boiled  for  2  hr.  The  residue  was  separated  and  boiled  with  10  ml  of  cone,  hcl  and  10  ml  of 
water  for  2  hr.  The  mixture  was  evaporated  in  vacuo,  and  the  residue  was  dissolved  in  10  ml  of  water,  neutralized, 
and  extracted  with  isobutanol.  On  addition  to  the  extract  of  an  ethereal  solution  of  picric  acid,  a  picrate  was  ob¬ 
tained  (~  1.6  g)  which,  after  two  recrystallizations  from  water,  melted  at  229-230*.  The  dihydrochloride  of  3-(8- 
aminoethyl)- indazole  was  isolated  from  the  picrate  in  the  usual  way.  The  latter  was  purified  by  reprecipitation 
from  anhydrous  alcohol  with  the  addition  of  ethyl  acetate  and  ether.  A  yield  of  ~  0.5  g  of  the  dihydrochloride  with 
m.p.  207-212*  (in  a  sealed  capillary)  was  obtained. 


SUMMARY 

The  hydrochloride  of  3-(  8 -aminoethyl)- indazole  has  been  synthesized  from  the  efrtyl  ester  of  indazol-3-yl- 
acetic  acid  and  from  3-( 8 -chloroethyl)- indazole. 
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In  the  reaction  of  the  N- oxide  of  pyridine  with  acetic  anhydride,  a  rearrangement  takes  place  which  leads  to 
the  formation  (after  hydrolysis)  of  2-hydroxy  derivatives  of  pyridine  [1].  The  same  type  of  rearrangement,  in  which 
deoxidation  of  the  nitrogen  is  accompanied  by  oxidation  of  the  carbon  located  in  the  ortho  position  to  the  N  -*  O 
group,  is  observed  in  the  series  of  N-oxides  of  quinine,  dihydroquinine,  quinoline,  and  benzimidazole  [2].  When  the 
analogous  reaction  was  performed  with  the  N-oxides  of  some  2-  or  4-alkyl  derivatives  of  pyridine  and  quinoline, 
the  a-carbon  of  the  side  chain  underwent  oxidation  in  place  of  the  ring  carbon,  and  the  corresponding  2-  or  4-alkyl- 
carbinols  were  isolated  (after  hydrolysis)  as  a  result  of  the  reaction  [3]. 

The  compound  2-acetoxymethyl-3-methylquinoxaline  was  of  interest  to  us  as  an  intermediate  in  the  synthesis 
of  the  1 ,4-di-N- oxide  of  2-hydroxymcthyl-3-methylquinoxaline— a  compound  which,  according  to  the  results  of 
English  workers  [4]  possessed  considerable  antibiotic  activity. 

The  synthesis  of  this  compound  by  the  authors  mentioned  was  effected  by  the  oxidation  of  2,3-dimethylquin- 
oxaline  with  selenium  dioxide  to  3- methylquinoxaline- 2-aldehyde,  conversion  of  the  latter  by  a  disproportionation 
reaction  into  2-hydroxymethyl-3-methylquinoxaline  with  subsequent  acetylation  of  the  hydroxymethyl  group,  oxid¬ 
ation  of  the  2-acetoxymethyl-3- methylquinoxaline  with  peracetic  acid  to  its  1,4-di-N-oxide,  and  saponification  of 
the  acetoxy  group  [4]. 

We  undertook  an  investigation  of  the  reaction  of  the  1-N-oxide  of  2,3-dimethylquinoxaline  with  acetic  anhy¬ 
dride  to  study  the  possibility  of  effecting  a  rearrangement  similar  to  the  rearrangements  mentioned  above  with  the 
N-oxides  of  the  pyridine  and  quinoline  series.  In  the  event  of  a  positive  result,  the  synthesis  of  2-acetoxy-3-meth- 
ylquinoxalinc  could  be  effected  by  a  shorter  route,  without  the  use  of  SeOj,  by  the  following  scheme. 
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When  the  1-N-oxide  of  2,3-dimethylquinoxaline  was  heated  with  acetic  anhydride,  2-acetoxymethyl-3- 
mcthylquinoxalinc  was  obtained.  The  reaction  was  accompanied  by  partial  resinification,  therefore  the  yield  of 
2-acetoxymethyl-3-methylquinoxaline  did  not  exceed  of  theoretical;  it  was  thus  shown  that  an  a-alkyl  carbon 
of  a  quinoxalinc  is  capable  of  being  oxidized  at  the  expense  of  a  N  -»  O  group  in  the  ortho  position. 

It  was  also  of  interest  to  investigate  the  possibility  of  effecting  a  similar  rearrangement  when  two  N  -*  O  groups 
are  present.  With  this  object,  the  1,4-di-N-oxide  of  2,3-dimethylquinoxaline  was  reacted  with  acetic  anhydride.  It 
was  established  that,  on  heating  the  1,4-di-N-oxide  of  2,3-dimethylquinoxaline  with  acetic  anhydride  both  N  -►  O 
groups  underwent  deoxidation  and,  correspondingly,  2,3-bis-(acetoxymethyl)-quinoxaline  was  formed.  The  1-N- 
oxide  of  2,3-dimethylquinoxaline  was  obtained  by  oxidizing  2,3-dimethylquinoxaline  with  perhydrol  in  dilute  acetic 
acid  (yield,  54.5*70).  From  the  mother  liquors,  by  extraction  with  chloroform,  a  mixture  of  the  mono-  and  di-N- 
oxides  of  the  quinoxaline  was  obtained  which  was  difficult  to  separa  te.  On  heating  the  mixture  of  mono-  and 
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di-N-oxides  obtained  with  acetic  anhydride,  a  mixture  of  2-acetoxymethyl-3-methyl-  and  2,3-bis-(acetoxytnethyl)- 
quinoxalines  was  obtained  which  was  separable  by  fractional  distillation  in  vacuo. 

The  conversion  of  2-acetoxymethyl-3-methylquinoxaline  into  its  1,4-di-N- oxide  was  carried  out  by  Francis 
and  co-workers  [4]  by  the  oxidation  of  the  initial  base  with  a  1.25  N  solution  of  peracetic  acid.  The  product  of 
the  reaction  was  isolated  in  the  form  of  a  syrup  containing  (in  the  opinion  of  these  authors)  a  considerable  amount 
of  unoxidized  substance,  and,  as  a  result,  (after  a  complicated  purification  using  ion-exchange  resins)  they  succeeded 
in  isolating  only  a  small  amount  (~  S^o)  of  a  crystalline  substance  with  m.p.  166-167*  to  which  the  structure  of  the 
1,4-di-N- oxide  of  2-acetoxymethyl-3-methylquinoxaline  was  ascribed. 

On  oxidizing  2-acetoxymethyl-3-methylquinoxaline  under  the  same  conditions,  we  also  isolated  a  substance 
with  m.p.  165-167*  (after  repeated  recrystallizations,  the  melting  point  rose  to  172-173*)  which,  however,  accord¬ 
ing  to  the  analytical  results,  contained  about  2^0  mote  nitrogen  than  expected  (if  the  formula  of  the  1,4-di-N- 
oxide  of  2-acetoxymethyl-3-methylquinoxaline  proposed  for  it  was  taken)  and  which,  by  its  nitrogen  content  might 
be  the  1,4-di-N- oxide  of  2-hydroxymethyl-3-methylquinoxaline. 

Our  results  support  the  proposition  that  the  acetoxy  group  in  the  1,4-di-N- oxide  of  2-acetoxymethyl-3-meth- 
ylquinoxaline  is  readily  hydrolyzed  and,  therefcxe,  in  the  process  of  isolating  the  oxidation  products  of  2-acetoxy- 
methyl-3-methylquinoxaline— particularly  in  the  neutralization  of  the  reaction  solution,  which  was  generally  carried 
out  by  the  English  workers  and  by  us  with  a  solution  of  alkali— partial  saponification  of  the  acetoxy  group  may  take 
place.  The  consequence  of  this  is  the  formation  of  a  difficultly  separable  mixture  of  substances  containing,  besides 
unoxidized  reaction  products,  the  1,4-di-N- ox  ides  of  2-acetoxymethyl-3-methyl-  and  2-hydroxymethyl-3- methyl 
quinoxalines.  It  was  possible  to  isolate  from  this  mixture  only  one  substance,  which  the  English  workers  considered 
to  be  the  1,4-di-N- oxide  of  2-acetoxymethyl-3-methylquinoxaline,  but  which,  according  to  our  results,  is  the  prod¬ 
uct  of  the  hydrolysis  of  this  substance,  i.e.,  the  1,4-di-N- oxide  of  2- hydroxymethyl-3- methylquinoxaline. 

Experiments  were  made  on  the  oxidation  of  2- acetoxymethyl- 3- methylquinoxaline  under  the  same  conditions, 
but  with  the  use  of  a  milder  reagent  for  neutralizing  the  reaction  mixture,  namely  NaHCOs  in  place  of  NaOH.  The 
experiments  carried  out  confirmed  the  supposition  expressed  above— as  a  result  of  the  change  of  the  conditions  of 
neutralizing  the  reaction  solution,  it  was  possible  to  isolate  (with  a  yield  of  42^o)  a  substance  with  m.p.  117-118*, 
which,  from  the  analytical  results,  is  the  1,4-di-N- oxide  of  2- acetoxymethyl- 3- methylquinoxaline  in  which,  on 
acid  hydrolysis,  is  converted  into  a  compound  corresponding  in  physicochemical  and  biological  properties,  as  well 
as  in  the  analytical  results,  to  the  1,4-di-N- oxide  of  2-hydroxymethyl-3- methylquinoxaline. 

To  oxidize  2- acetoxymethyl-3- methyl-  and  2,3-bis-(acetoxymethyl)-quinoxalines  to  their  di-N-oxides,  a 
large  excess  of  glacial  acetic  acid  and  highly  concentrated  hydrogen  peroxide  are  required.  Attempts  to  carry  out 
the  reaction  under  milder  conditions  led  to  the  formation  of  a  mixture  of  the  mono-  and  di-N-oxides. 

I  express  my  thanks  to  O.  'fti,  Magidson  for  the  attention  which  he  has  devoted  to  the  present  work. 

EXPERIMENTAL 

Mono- N- oxide  of  2,3-dimethylquinoxaline.  A  solution  of  30  g  of  2,3-dimethylquinoxaline  in  300  ml  of 
80yo  CH3COOH,  60  ml  of  27-2ffyo  perhydrol  and  60  ml  of  water  was  heated  at  50"  for  20  hr,  was  neutralized  on  cool¬ 
ing  to  pH  7  with  a  Sb-AQPjo  solution  of  NaOH  and  was  allowed  to  stand  at  5-10*  for  3  hr,  and  the  precipitate  separ¬ 
ating  out  was  filtered  off.  The  dried  precipitate  was  extracted  several  times  with  boiling  benzine,  after  which  the 
benzine  extract  (from  which  the  crystalline  mono-N-oxide  of  2,3-dimethylquinoxaline  began  to  separate  out  on 
cooling)  was  evaporated  to  dryness  in  vacuo.  Eighteen  grams  {54,SPfo)  of  the  mono-N-oxide  of  2,3-dimethylquinox¬ 
aline  (m.p.  91-92"),  suitable  for  use  in  the  subsequent  reactions  was  obtained;  after  crystallization  from  petroleum 
ether  it  had  m.p.  93-94*  [5]  (a  mixed  sample  with  2,3-dimethylquinoxaline  melted  with  depression  at  73-75").  The 
mother  liquor  obtained  after  separating  the  main  precipitate  was  twice  subjected  to  extraction  with  chloroform 
(each  portion  was  half  the  volume  of  the  mother  liquor).  The  chloroform  extract  was  dried  with  anhydrous  Na2S04, 
and  the  chloroform  was  distilled  off.  The  residue  (14  g;  a  mixture  of  the  mono-  and  di-N-oxides  of  2,3-dimethyl¬ 
quinoxaline)  melted  over  a  wide  range;  m.p.  130-145*  (sintering  at  115"). 

1, 4- Pi- N- oxide  of  2,3-dimethylquinoxaline.  A  solution  of  39.5  g  of  2,3-dimethylquinoxaline  in  395  ml  of 
glacial  CH3CC)0H  was  heated  at  50"  with  59.2  ml  of  2870  perhydrol  for  9.5  hr,  then  a  further  59  ml  of  perhydrol  was 
added  and  heating  was  continued  for  another  9.5  hr  at  the  same  temperature.  After  cooling,  the  reaction  solution 
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at  50*  for  30  hr.  The  reaction  mixture  was  evaporated  in  vacuo  to  Vs  of  its  volume,  neutralized  to  pH  7  with  4070 
NaOH  and  extracted  with  chloroform.  After  the  chloroform  had  been  distilled  off,  a  dry  residue  (1.5  g)  remained 
which  was  crystallized  several  times  from  alcohol.  The  1,4-di-N-oxide  of  2-hydroxymethyl-3-methylquinoxaline, 
with  m.p.  172-173*  was  obtained;  a  mixed  sample  with  the  1,4-di-N-oxide  of  2-hydroxymethyl-3-methylquinox- 
aline  obtained  by  saponifying  the  1,4-di-N-oxide  of  2-acetoxymethyl-3-methylquinoxaline  gave  no  depression  of 
the  melting  point. 

Found  <7o:  C  58.14;  H  4.99;  N  13.64,  13.67.  CjoHioOjN,.  Calculated  C  58.24;  H  4.89;  N  13.58. 

l,4-13i-N-oxide  of  2,3-bis-(acetoxymethyl)-quinoxaline.  A  mixture  of  453  ml  of  glacial  acetic  acid,  110ml 
of  perhydrol  (21~2W]o)  and  145  ml  of  acetic  anhydride  was  allowed  to  stand  for  15  hr,  then  15  g  of  2,3-bis-(acetoxy- 
methyl)-quinoxaline  was  added,  and  the  mixture  was  heated  at  50“  for  38  hr.  The  reaction  mixture  was  worked  up 
in  exactly  the  same  way  as  in  the  preparation  of  the  di-N-oxide  of  2-acetoxymethyl-3-methylquinoxaline.  The  dry 
residue  obtained  after  the  chloroform  had  been  distilled  off  was  crystallized  from  CH3OH.  The  1,4-di-N-oxide  of 
2,3-bis-(acetoxymethyl)-quinoxaline  (6.12  g,  36.57o)  was  obtained.  It  formed  lustrous  golden  crystals,  sparingly 
soluble  in  water,  soluble  on  heating  in  alcohol  and  in  ethyl  acetate.  M.p.  175-176“  [6]. 

Found  <7o;  C  54.96;  H  4.71;  N  9.36.  CuHnOeNj.  Calculated  <7o;  C  54.9;  H  4.6;  N  9.19. 

Oxidation  of  2,3-bis-(acetoxymethyl)-quinoxaline  under  milder  conditions.  To  a  solution  of  27.4  g  of  2,3- 
bis-(acetoxymethyl)-quinoxaline  in  274  ml  of  glacial  acetic  acid  was  added  50  ml  of  perhydrol  (27-287o)  and  the 
mixture  was  heated  at  50“  for  38  hr.  After  the  heating  was  completed,  the  reaction  solution  was  worked  up  in  the 
same  way  as  in  the  previous  experiments  on  the  preparation  of  the  1,4-di-N-oxides  of  2- ace  toxy  methyl- 3- me  thy  1- 
and  2,3-bis-(acetoxymethyl)-quinoxalines.  The  dry  residue  from  the  evaporation  of  the  chloroform  was  crystallized 
from  methanol  in  two  stages,  the  precipitate  separating  out  at  20-25“— the  1,4-di-N-oxide  of  2,3-bis-(acetoxymeth- 
yl)-quinoxaline  (5.1  g)— being  filtered  off  and  the  mother  liquor  then  being  cooled  to  0-5“;  under  these  conditions 
the  methanol  solution  deposited  a  pale  yellow  crystalline  substance— the  mono-N-oxide  of  2,3-bis-(acetoxymethyl)- 
quinoxaline- which  was  crystallized  by  repeated  recrystallization  from  methanol  (weight  2.1  g);  m.p.  125-126“. 

Found  <7o;  C  57.66;  H  4.9;  N  9.34.  CuH^ObNz.  Calculated  C  57.92;  H  4.86;  N  9.65. 

SUMMARY 

1.  It  has  been  established  that  in  the  reaction  of  the  mono-  and  di-N-oxides  of  2,3-dimethylquinoxaline 
with  acetic  anhydride  a  rearrangement  takes  place  in  which  deoxidation  of  the  ring  nitrogen  is  accompanied  by 
simultaneous  oxidation  of  the  alkyl  carbon  located  in  the  ortho  position  to  the  N  -*  O  group. 

2.  A  new  method  for  the  preparation  of  2- ace toxy-3- methyl-  and  2,3-bis-(acetoxymethyl)-quinoxalines  has 
been  proposed,  based  on  the  reaction  of  the  mono-  and  di-N-oxides,  respectively,  of  2,3-dimethylquinoxaline  with 
acetic  anhydride. 
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In  a  previous  communication  [1]  we  gave  the  results  of  a  study  of  the  qualitative  composition  and  a  deter¬ 
mination  of  the  end  groups  of  polymixin  M.  It  was  established  that  the  following  aminoacids  enter  into  the  compo¬ 
sition  of  this  antibiotic  polypeptide:  ot,\-diaminobutyric  acid,  threonine,  and  leucine.  The  present  paper  is  devoted 
to  the  determination  of  the  molar  ratios  of  these  aminoacids  in  polymixin  M. 

To  determine  the  quantitative  aminoacid  composition  we  used,  in  the  first  place,  the  colorimetric  determina¬ 
tion  of  the  aminoacids  of  a  hydrolyzate  of  polymixin  M  after  their  separation  by  paper  chromatography.  The  meth¬ 
od  of  Heilmann  and  co-workers  [2]  was  used.  According  to  the  method  proposed  by  these  authors,  the  chromatogram 
of  the  hydrolyzate  of  the  substance  under  investigation  is  treated  with  a  solution  of  ninhydrin  containing  cadmium 
acetate.  The  colored  reaction  product  is  extracted  and  determined  coiorimetrically. 

Control  experiments  conducted  with  samples  of  pure  aminoacids  showed  the  graphs  of  optical  density  as  a 
function  of  the  amounts  of  aminoacids  applied  to  the  chromatogram  (expressed  in  micrograms  of  amino  nitrogen) 
are  practically  identical  forot.y-diaminobutyric  acid,  threonine,  and  leucine.  Thus,  it  is  not  necessary  to  use  cali¬ 
bration  curves  in  the  analysis  of  the  hydrolyzate  of  polymixin  M  since  the  observed  ratios  of  the  optical  densities 
correspond  to  the  molar  ratios  of  the  aminoacids. 

In  the  course  of  the  quantitative  determination  of  the  aminoacids  in  the  hydrolyzate  of  polymixin  M  it  was 
noticed  that  when  large  amounts  of  the  hydrolyzate  (more  than  16-20  pi)  were  applied  to  the  chromatogram  a  con¬ 
siderable  deviation  from  Beer's  law  was  observed  for  the  « ,y -diaminobutyric  acid  spot.  This  phenomenon  may  be 
explained  in  the  following  way.  When  the  hydrolyzate  of  polymixin  M  is  chromatographed,  the  diaminoacid  spot 
moves  extremely  slowly  and  remains  very  compact.  Hence,  when  large  amounts  of  the  hydrolyzate  are  applied  to 
the  chromatogram,  the  concentration  of o(,y -diaminobutyric  acid  on  the  paper  (fa  example,  in  pg  per  1  cm*)  is 
extremely  high.  Under  such  conditions,  apparently,  the  amount  of  ninhydrin  with  which  the  section  of  the  paper 
containing  the  a, y -diaminobutyric  acid  is  treated  proves  to  be  insufficient  for  the  reaction  to  take  place  com¬ 
pletely. 

On  the  other  hand,  if  small  amounts  of  the  hydrolyzate  are  applied  to  the  chromatogram,  the  optical  densities 
for  leucine  are  very  low  and  are  practically  impossible  to  measure  (see  the  table).  These  difficulties  in  the  deter¬ 
mination  of  die  molar  ratios  of  the  aminoacids  are  due  to  the  specific  composition  of  polymixin  M,  for  which,  as 
for  other  antibiotics  of  this  group,  a  marked  predominance  of  ot,y -diaminobutyric  acid  and  a  small  content  of 
leucine  are  characteristic.  Hence,  to  determine  the  molar  ration  of  threonine  to  diaminobutyric  apid,  results  ob¬ 
tained  by  chromatographing  small  amounts  of  the  hydrolyzate  must  be  employed,  since  Beet’s  law  holds  good  for 
diaminobutyric  acid  under  these  conditions.  On  the  other  hand,  it  is  appropriate  to  use  results  obtained  from  the 
chromatography  of  large  amounts  of  hydrolyzate  for  calcula  ting  the  leucine  :  threonine  ratio. 

A  preliminary  quantitative  analysis  of  the  hydrolyzate  of  polymixin  M  showed  that  there  were  three  threonine 
residues  to  one  leucine  residue  in  its  molecule.  From  the  foregoing  remarks,  it  follows  that  the  content  of  threonine 
in  the  polymixin  M  hydrolyzate  can  be  determined  with  sufficient  accuracy  over  a  wide  range  of  concentrations. 
Therefore,  in  calculating  the  molar  ratios,  we  used  threonine  as  a  reference  aminoacid,  assuming  that  polymixingM 
contains  three  residues  of  this  aminoacid. 


945 


It  was  found  that  the  molar  ratios  of  a,y-diaminobutytic  acid,  thteonin  and  leucine  in  polymixin  M  were 
5,85  :  3.0  :  1.0.  Thus,  in  the  smallest  stoichiometric  unit  of  polymixin  there  are  six  a,y-diaminobutyric  acid  res¬ 
idues,  three  threonine  residues  and  one  leucine  residue. 

In  order  to  confirm  this  result,  we  carried  out  a  determination  of  the  quantitative  aminoacid  composition  of 
polymixin  M  by  Levy’s  method  [3],  The  hydrolyzate  of  polymixin  M  was  treated  with  fluorodinitrobenzene  under 
conditions  ensuring  the  quantitative  conversion  of  the  aminoacids  to  N-2,4-dinitrophenyl-aminoacids.  The  amino¬ 
acid  derivatives  were  separated  by  paper  chromatography  and  the  spots  were  cut  out  and  eluted,  after  which  the 
qjtical  density  of  the  eluates  was  measured  at  360  mp.  Control  experiments  with  pure  aminoacids  showed  that  it 
was  not  necessary  to  introduce  empirical  correction  factors  in  the  case  of  polymixin  M,  and  it  was  therefcare  possible 
to  determine  the  molar  ratios  of  the  aminoacids  by  a  direct  comparison  of  the  c^tical  densities  of  the  eluates  of  the 
DNP  derivatives.  It  was  merely  necessary  to  divide  the  optical  density  of  the  eluate  of  bis-DNP-a,y-diaminobutyric 
acid  by  2.  The  results  obtained  confirmed  that  for  every  three  threonine  residues  in  the  molecule  of  polymixin  M 
there  are  six  a,y-diaminobutyric  acid  residues  and  one  leucine  residue. 

It  has  been  shown  in  our  laboratory  by  the  method  of  partial  dinitrophenylation  followed  by  paper  electro¬ 
phoresis  that  five  free  amino  groups  are  present  in  the  molecule  of  polymixin  M  [4].  It  was  shown  earlier  that  they 
are  all  y-amino  group  residues  of  a  ,y-diaminobutyric  acid.  Further,  at  least  one  a  ,y-diaminobutyric  acidresidue 
in  polymixin  M  has  no  free  amino  groups.  It  follows  from  this  that  there  is  a  maximum  of  six  a,y -diaminobutyric 
acid  residues  in  polymixin  M,  which  is  in  good  agreement  with  the  results  of  the  quantitative  determination  of  the 
aminoacids  given  in  the  present  paper.  It  must  be  assumed  that  there  is  only  one  stoichiometric  unit  in  the  poly¬ 
mixin  M  molecule.  Polymixin  M  consists  of  six  a,  y -diaminobutyric  acid  residues,  three  threonine  residues,  one 
leucine  residue,  and  a  fatty  acid  probably  similar  to  6-methyloctanoic.  The  molecular  weight  of  polymixin  M 
calculated  from  this  composition  is  1156.  The  molecular  weight  of  polymixin  M  determined  in  our  laboratory  by 
the  method  of  partial  substitution  is  1185. 


EXPERIMENTAL 

Chromatographic  paper  ("slow")  of  the  Leningrad  Volodarskii  factory  (1957  manufacture)  was  used  for  the 
chromatography.  The  aminoacids  used  in  the  control  experiments  were  recrystallized  several  times. 

Hydrolysis  of  Polymixin  M.  One  hundred  milligrams  of  polymixin  M  sulfate,  dried  in  vacuo  at  110*  to  con¬ 
stant  weight,  was  dissolved  in  10  ml  of  6  N  hydrochloric  acid  and  heated  in  a  sealed  tube  for  24  hr  at  105-108*.  The 
hydrolyzate  was  evaporated  to  dryness  in  vacuo,  the  residue  was  treated  with  water,  and  the  solution  again  evapor¬ 
ated  in  vacuo.  This  operation  was  repeated  three  times.  The  residue  was  dissolved  in  lO^o  isopropyl  alcohol.  The 
solution  obtained  contained  0.575  mg  of  nitrogen  in  1  ml  (micro- Kjeldahl). 

Determination  of  the  molar  ratios  of  the  aminoacids  in  the  polymixin  M  hydrolyzate  using  the  ninhydrin— 

—  cadmium  reagent.  Using  a  calibrated  micropipette,  the  polymixin  M  hydrolyzate  was  applied  to  a  sheet  of  chro¬ 
matographic  paper  (7,  14,  21, 28,  and  35  pi  per  spot).  The  separation  of  the  aminoacids  was  carried  out  by  the 
method  of  ascending  chroma  tography  in  the  system  butanol— water— acetic  acid  (144  ;  43  :  13  by  volume).  After 
complete  removal  of  the  solvent,  the  chromatogram  was  immersed  in  a  solution  of  1  g  of  ninhydrin  and  100  mg  of 
cadmium  acetate  in  a  mixture  of  5  ml  of  glacial  acetic  acid,  10  ml  of  water,  and  100  ml  of  acetone.  After  drying 
in  air  for  30  min,  the  chromatogram  was  placed  for  20  hr  in  a  dark  chamber  over  sulfuric  acid.  The  aminoacid  spots 
were  cut  out  and  eluted  with  5  ml  of  SO^Jo  ethanol  overnight,  after  which  the  optical  densities  of  the  solutions  were 
measured  on  an  FEK-M-57  photoelectric  colorimeter  with  a  green  filter  against  eluates  from  control  sections  of  the 
chromatogram. 

Quantitative  determination  of  the  aminoacid  composition  by  Levy’s  method  [3].  The  hydrolyzate  of  20  mg 
of  polymixin  M  after  evaporation  and  removal  of  the  HCl  was  dissolved  in  5  ml  of  water.  To  this  solution  were 
added  60  ml  of  fluorodinitrobenzene  and  a  buffer  mixture  (1  volume  of  1  N  NallCO^  and  9  volumes  of  1  N  K2CO^) 
to  pH  10.0.  This  pH  was  maintained  in  the  course  of  the  reaction  by  adding  buffer  mixture.  The  reaction  was 
carried  out  with  continuous  stirring  and  heating  to  40-45“  (bath  temperature).  After  removal  of  the  excess  of  fluoro¬ 
dinitrobenzene,  by  a  single  extraction  with  ether,  the  aqueous  layer  was  acidified  to  pH  2.  The  DNP- aminoacids 
were  extracted  initially  with  ether  (3  x  10  ml)  and  then  with  n-butanol  (2X5  ml).  The  combined  extracts  were 
evaporated  in  vacuo.  Dinitrophenol  was  removed  by  vacuum  sublimation.  The  dry  residue  was  dissolved  in  0.5  ml 
of  85f7o  formic  acid.  Part  of  the  solution  obtained  was  applied  to  a  sheet  of  chromatographic  paper.  Chromatography 
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Optical  Densities  of  Eluates  of  Aminoacid  Spots  from  the  Hydro- 
lyzate  of  Polymixin  M 


Amount  of  hydrolyzate 

Optical  densities  of  the  eluates 

applied  to  the  paper 

a,y-di- 
.amino- 
butyric  acid 

j  threonine 

leucine 

in  pi  1 

in  pg  N  1 

7 

4 

0.096 

0.018 

0010 

14  1 

8 

0  215 

0.102 

0.031 

21 

12 

0.283 

0.148 

0.049 

28 

16 

0.318 

t'  195 

0.062 

35 

20 

— 

0.248 

0.077 

was  carried  out  first  in  n- butanol  saturated  with  ammonia  and  then,  in  a  perpendicular  direction,  in  a  1.5  M  phos¬ 
phate  buffet  (1  M  in  NaH2P04  and  0.5  M  in  Na2HP04).  The  DNP- aminoacid  spots  were  cut  out  and  eluted  with  5  ml 
of  85f7o  formic  acid  for  12  hr.  Before  measurement,  the  volume  of  the  samples  was  made  up  with  water  to  8  ml.  The 
optical  densities  of  the  eluates  were  measured  in  a  CF-4  spectrophotometer  at  360  mp  in  quartz  cells  1  cm  thick 
against  eluates  of  control  sections  of  the  paper.  The  ratio  of  the  optical  densities  of  a,y-diaminobutyric  acid, 
threonine,  and  leucine  was  6.0  :  3.0  :  0.97.  In  calculating  the  ratio  of  the  optical  densities,  the  optical  density  of 
the  DNP- threonine  eluate  was  taken  as  3.  The  optical  density  of  the  eluate  of  bis-DNP-cx,y-diaminobutyric  acid 
was  divided  by  two. 


METHODS 

A  determination  of  the  quantitative  aminoacid  composition  of  polymixin  M  has  been  canied  out.  It  has  been 
shown  that  polymixin  M  consists  of  six  a,y-diaminobutyric  acid  residues,  three  threonine  residues,  and  one  leucine 
residue. 
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We  have  shown  before  [1]  that  in  order  to  compare  the  antitumor  activity  of  sarcolysine  isomers  [in-bis-(2- 
chloroethyl)aminophenylalanine],  it  was  necessary  to  synthesize  o-bis-(2-chloroethyl)aminophenylalanine. 

At  first  we  thought  we  could  prepare  the  desired  compound  by  a  method  formerly  proven  for  the  preparation 
of  sarcolysine  and  metasarcolysine,  starting  with  the  corresponding  nitrobenzyl  bromide  and  acetylaminomalonic 
ester.  However,  when  o-nitrobenzylacetylaminomalonic  ester  (I)  synthesized  in  the  first  stage  was  hydrogenated  in 
the  presence  of  Raney  nickel,  the  product  was  not  die  expected  o-aminobenzylacetylaminomalonic  ester,  but  the 
ethyl  ester  of  3-acetylaminodihydrocarbostyril-3-carboxylic  acid  (II),  formed  quite  easily  and  in  good  yield.  Simul¬ 
taneously  with  the  reduction  of  the  nitro  group  took  place  the  cyclization  with  splitting  off  of  an  alcohol  molecule. 

A  similar  phenomenon  was  encountered  earlier  during  the  reduction  of  the  o- nitrobenzylmalonic  ester  [2]. 

All  attempts  to  hydrogenate  under  mildest  ccxiditions  and  in  various  solvents,  also  in  the  presence  of  oxalic 
acid  to  block  the  amino  group  formed,  failed,  and  invariably  led  to  the  formation  of  the  derived  carbostyril  (II). 
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Careful  hydrolysis  of  compound  (II)  with  NaOH  solution  led,  even  at  room  temperature,  to  the  formation  of 
3-acetylaminodihydrocarbostyril-3-carboxylic  acid  (III),  m.p.  241-242“,  which  compound  easily  decarboxylated 
even  on  recrystallization  from  alcohol,  to  form  3-acetylaminodihydrocarbostyril  [3]  (IV)  melting  at  245-246.5*. 
The  similar  melting  points  of  (II)  and  (IV)  allow  the  assumption  that  decarboxylation  of  (III)  takes  place  during  the 
determination  of  the  melting  point.  Under  more  forcing  conditions  of  the  alkaline  hydrolysis  of  (II),  3-aminodihy- 
drocarbostyril  (V)  was  obtained,  which  had  earlier  been  also  prepared  in  a  different  way  [4]. 
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In  order  to  avoid  the  undesirable  cyclization  to  derivatives  of  dihydrocarbostyril,  we  experimented  to  accom¬ 
plish  the  reduction  of  the  nitro  group  and  subsequent  conversion  of  the  resulting  amino  group  to  die  bis-(2-hydroxy- 
ethyl)amino  group  by  means  of  an  alkali  salt  of  the  corresponding  amino  acid. 
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For  this  purpose  we  acetylated  o-nitrophenylalanine  (VI),  obtained  from  o-nitrobenzylacetylaminomalonic 
ester  (I),  to  give  o-nitro-N-acetylphenylalanine  (Vn).  We  hydrogenated  the  sodium  salt  of  o- nitro- N-acetylphenyl- 
alanine  (Vni)  in  the  presence  of  Pd  over  carbon,  and  obtained  the  Na  salt  of  the  amino  acid  (IX)  as  a  hygroscopic 
powder  which  we  could  not  recrystallize.  Condensation  of  this  unpurified  substance  with  ethylene  oxide  at  room 
temp)erature  in  alcohol  (24  hr)  resulted  in  the  substitution  of  only  one  hydrogen  atom  of  the  aromatic  amino  group, 
since  acidification  of  the  reaction  product  gave  N-(2-hydroxyethyl)-3-acetylaminodihydrocarbostyril  (X). 


Under  more  forcing  reaction  conditions  the  sodium  salt  (IX)  with  ethylene  oxide  gave  a  mixture  from  which 
we  were  not  able  to  isolate  an  individual  substance. 


Furthermore,  to  reduce  the  hygroscopicity  and  improve  the  crystallizability  of  intermediate  compounds,  we 
started  with  o-nitrophenylalanine  in  which  the  amino  group  was  screened  by  a  phthaloyl  instead  of  an  acetyl  group. 
This  synthesis  had  positive  results. 
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o-Nitro-N-phthaloylphenylalanine  (XI)  was  prepared  from  o-nitrophenylalanine  (VI)  under  mild  conditions  [5]. 
Catalytic  hydrogenation  of  the  Na  salt  of  o-nitro-N-phthaloylphenylalanine  (XII)  gave  the  Na  salt  (XIII),  which  crys¬ 
tallized  nicely  from  alcohol.  Condensation  of  the  latter  with  ethylene  oxide  gave  o-bis-(2-hydroxyethyl)-amino-N- 
phthaloylphenylalanine  (XIV).  The  ethyl  ester  of  the  latter  (XV)  and  thionyl  chloride  in  chloroform  gave  the  ethyl 
ester  of  o-bis-(2-chloroethyl)amino-N-phthaloylphenylalanine  (XVI)  which  on  boiling  with  hydrochloric  acid  hy¬ 
drolyzed  to  o-bis-(2-chloroethyl)amino-DL-phenylalanine  (XVII).  Since  the  hydrochltxide  (XVII)  turned  out  to  be 
very  hygroscopic,  the  compound  was  isolated  in  basic  form  and  melted  at  153-157*  (with  decomp.). 

EXPERIMENTAL 

Diethyl  ester  of  o-nitrobenzylacetylaminomalonic  acid  (I).  To  a  warm  solution  of  sodium  ethylate  (from  60  ml 
anhydrous  alcohol  and  0.98  g  sodium)  was  added  with  vigorous  stirring  9.3  g  of  ace tylaminoma Ionic  ester.  After 
10  min  of  stirring  a  solution  of  9.2  g  o- nitrobenzyl  bromide  [6]  in  30  ml  of  anhydrous  benzene  was  added  to  it  grad¬ 
ually  and  dropwise.  After  the  benzene  solution  had  been  added,  the  stirring  was  continued  fcff  four  more  hours,  and 
the  mixture  allowed  to  stand  in  a  refrigerator  for  20 hr.  After  removal  of  NaBr  the  solution  was  evaporated  in  vacuo 
to  Vs  of  the  original  volume,  the  resulting  precipitate  filtered,  and  washed  with  benzene,  alcohol,  and  water.  After 
drying  the  weight  was  10  g,  m.p.  101-103*.  The  filtrate  yielded  an  additional  2.4  g  of  the  substance.  Both  portions 
were  combined  and  recrystallized  from  alcohol.  This  gave  11.5  (777o)  of  o-nitrobenzylacetylaminomalonic  ester, 
melting  point  103-105*.  Colorless,  needle-like  crystals  from  alcohol.  The  substance  did  not  dissolve  in  water,  but 
dissolved  readily  in  alcohol,  benzene,  and  ether. 

Found '7..:  C  54.3;  H  5.7.  CigHzoO/Nz.  Calculated  <7o;  C  54.5;  H  5.7. 

Ethyl  ester  of  3-acetylaminodihydrocarbostyril-3-carboxylic  acid  (II).  A  solution  of  3.52  g  (I)  in  50  ml  of 
alcohol  in  the  presence  of  1.5  g  Raney  nickel  was  agitated  in  a  hydrogen  atmosphere  for  40  min  at  ordinary  pressure 
and  45-50*.  After  removal  of  the  catalyst  and  the  solvent,  the  precipitate  was  pulverized  by  trituration  with  ether 
and  recrystallized  from  alcohol.  This  gave  2.2  g(68.87o)  substance,  melting  point  186.5-188*.  Soluble  in  benzene, 
insoluble  in  water. 

Found  <70:  C  60.9;  11  5.9;  N  10.0.  C,4Hj604N2.  Calculated  %:  C  60.9;  H  5.8;  N  10.1. 

3- Acetylaminodihydrocarbostyril-3-carboxylic  acid  (III).  At  room  temperature  0.5  g  (II)  was  mixed  with 
1  0  ml  of  12^0  NaOH.  After  neutralization  of  the  solution  with  concentrated  hydrochloric  acid  a  precipitate  was 
formed  (in  the  form  of  dense  colorless  crystals)  which  after  drying  at  241-242*.  Weight  0.3  g  (77%). 

Found  %:  C  58.2;  H  5.1.  Ci2Hi204N2.  Calculated  %:  C  58.1;  H  4.8. 

3- Acetylaminodihydrocarbostyril  (IV).  (Ill)  0,3  g  was  twice  recrystallized  from  alcohol  and  chloroform.  De¬ 
carboxylation  resulted  in  a  substance  melting  at  245-246.5*.  Colorless  flakes  from  alcohol,  not  water  soluble. 

Found  %;  C  64.3;  H  6.0;  N  13.9.  Ci,Hi202N2.  Calculated  %:  C  64.7;  H  5.8;  N  13.7. 

3-Aminodihydrocarbostyril  (V).  A  solution  of  1  g  (II)  in  20  ml  of  12%  NaOH  was  boiled  for  6  hr.  After  acid¬ 
ification  with  concentrated  hydrochloric  acid  and  removal  of  water  the  dry  residue  was  worked  up  with  anhydrous 
alcohol.  The  alcoholic  solution  was  evaporated  in  vacuo  and  the  residue  recrystallized  from  aqueous  alcohol,  which 
gave  0.3  g  of  the  3-aminodihydrocarbostyril  hydrochloride  melting  at  293-300*  (decomp.).  (Literature  data:  melt¬ 
ing  point  310"  [3]).  Colorless  needles  from  alcohol. 

Found  %:  C  54.2;  H  5.6;  N  14.3.  CgHioONj  •  HCl.  Calculated  %:  C  54.4;  H  5.8;  N  14.1. 

Treatment  of  0.3  g  of  the  hydrochloride  with  a  10%  NaOH  solution  and  with  ether  gave  (after  evaporation  of 
the  solvent  and  recrystallization  of  the  residue  from  80%  alcohol)  0.12  g  of  3-aminodihydrocarbostyril  melting  at 
145-146*.  (Literature  data:  melting  point  149-150*  [3]).  Dense,  colOTless  crystals,  readily  soluble  in  alcohol,  ben¬ 
zene,  and  ether. 

Found  %:  C  66.4;  H  6.3;  N  17.3.  C9H10ON2.  Calculated  %:  C  66.7;  H  6.2;  N  17.1. 

o-Nitrophenylalanine  (VI).  Into  a  round  bottom  flask  with  a  reflux  condenser  10.7  g(I)  and  120  ml  of  con¬ 
centrated  hydrochloric  acid  was  put  together.  The  mixture  was  refluxed  for  6  hr,  die  precipitated  o-nitrophenyl¬ 
alanine  hydrochloride  filtered  off,  and  dried;  yield  6  g.  The  filtrate  was  evaporated  to  dryness  and  the  residue  re¬ 
crystallized  from~5%  hydrochloric  acid,  and  an  additional  1.2  g  of  the  hydrochloride  was  obtained.  Total  yield 
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7.2  g  (96.1*70).  The  alcoholic  solution  of  the  o-nltrophenylalanine  hydrochloride  thus  obtained  was  neutralized  with 
diethylamine,  cooled,  and  die  resulting  precipitate  filtered  off,  washed  with  water,  alcohol,  and  ether.  Weight  of 
the  dry  substance  5,8  g  (93.97)  based  on  the  o-nitrophenylalanine  hydrochloride),  melting  point  206-208*.  The  sub¬ 
stance  dissolved  in  water,  poorly  in  alcohol,  not  at  all  in  chloroform  and  benzene.  It  crystallized  from  aqueous  al¬ 
cohol.  Colorless,  needle- like  crystals  grouped  like  stars. 

Found  *7):  C  51.4;  H  4.9.  C9H,o04N2.  Calculated  *7);  C  51.4;  H  4.8. 

o-Nitro-N-acetylphenylalanine  (VII).  Into  a  round  bottom  flask  with  a  reflux  condenser  and  dropping  funnel 
was  placed  6  g(VI)  and  60  ml  of  glacial  acetic  acid.  To  this  was  gradually  added  from  the  funnel,  at  60*  (bath  tem¬ 
perature)  and  under  stirring,  18  ml  of  acetic  anhydride.  After  10  min  of  heating  (bath  temperature  70*),  the  mixture 
was  cooled  rapidly,  diluted  with  cold  water  until  a  precipitate  started  to  form,  and  put  in  a  refrigerator  for  20  hr. 

The  resulting  precipitate  was  filtered,  thoroughly  washed  with  cold  water,  and  dried.  Yield  4.8  g  (66.7*7)).  After  re¬ 
crystallization  from  507)  alcohol,  melting  point  200-202*.  Colorless  crystals,  difficultly  soluble  in  water,  and  readily 
in  alcohol.  The  substance  crystallized  from  water  and  dilute  alcohol. 

Found  *7):  C  52.4;  H  4.8;  N  11.4.  CnHuOgNz.  Calculated  *7,;  C  52.4;  H  4.8;  N  11.1. 

Sodium  salt  of  o-nitro-N-acetylphenylalanine  (VIII).  A  solution  of  1.5  g  (Vn)  and  18  ml  alcohol  was  neutral¬ 
ized  with  a  307)  NaOH  solution.  After  cooling,  the  precipitate  was  filtered,  washed  with  alcohol,  and  dried.  Yield 

1.3  g(807)).  After  recrystallization  from  807)  alcohol  it  melted  at  260-261*  (decomp,  and  charring). 

Found  *7);  Na  8.0.  CiiHn05N2Na.  Calculated  *7):  Na  8.4. 

Hydrogenation  of  the  sodium  salt  of  o-nitro-N-acetylphenylalanine.  To  a  solution  of  1  g  salt  (VIII)  in  25  ml 
of  807)  alcohol  were  added  a  few  drops  of  a  concentrated  NaOH  solution  in  order  to  prevent  partial  hydrolysis  of  the 
salt  and  the  fexmation  of  the  intermediate  carbostyril  (II).  The  mixture  thus  obtained  was  agitated  in  a  hydrogen 
atmosphere  and  in  the  presence  of  0.3  g  catalysts  (97)  Pd  on  carbon)  for  half  an  hour  at  ordinary  pressure  and  35-40*. 
The  reaction  terminated  with  the  calculated  amount  of  gas.  The  catalyst  and  solvent  were  removed,  and  the  amino 
salt  (IX)  was  recovered  In  1.0  g  yield  as  a  highly  hygroscopic  powder,  which  could  not  be  purified  by  recrystallization. 

N-(2-  Hydroxyethyl)-3-acetylaminodihydrocarbostytil  (X),  A  mixture  of  0,9  g  of  die  unpurified  hygroscopic 
salt  (IX)  and  1.45  ml  ethylene  oxide  in  20  ml  alcohol  was  allowed  to  stand  at  room  temperature  for  40  hr.  The  sol¬ 
vent  was  removed  and  the  precipitate  dissolved  in  alcohol,  die  resulting  solution  acidified  with  concentrated  hydro¬ 
chloric  acid,  the  precipitated  NaCl  filtered  off,  and  the  filtrate  evaporated  in  vacuo  to  Vs  of  the  original  volume. 

This  gave  0.4  g  of  a  substance  which  was  recrystallized  from  chloroform.  Melting  point  168-170*.  Colorless  crystals, 
difficultly  soluble  in  benzene  and  water,  readily  soluble  in  alcohol  and  chloroform. 

Found  *7):  C  62.1;  H  6.2;  N  11.3.  CjjHieNjQj.  Calculated  *7):  C  62.9;  H  6.5;  N  11.3. 

We  were  not  able  to  prepare  a  purer  product  because  of  its  small  quantity,  o- N itro- N- phthaloy Ipheny lalanine 
(XI).  Into  a  round  bottom  flask  provided  with  a  reflux  condenser  and  a  water  trap  we  placed  35  ml  of  dry  toluene, 

1  g  of  o-nitrophenylalanine  hydrochloride,  0.71  g  of  phthalic  anhydride,  and  0.8  ml  of  dry  triethylamfne.  The  mix¬ 
ture  was  boiled  for  3.5  hr.  After  cooling  and  separation  of  the  resulting  precipitate  of  triethylamine  hydrochloride, 
the  solvent  was  distilled  off  the  filtrate,  the  remainder  treated  with  dilute  hydrochloric  acid,  and  put  in  the  refriger¬ 
ator  for  24  hr.  This  gave  1.1  g  (69.97))  of  a  substance  which  after  two  recrystallizadons  from  alcohol  and  vacuum 
drying  at  100*  melted  at  215-220*.  Colorless  dense  crystals,  readily  soluble  in  alcohol,  difficultly  soluble  in  ethyl 
acetate. 

Found  *7):  C  60.0;  H  3.7;  N  8.4.  CnHi206N2.  Calculated  *7):  C  60.0;  H  3.5;  N  8.2. 

Sodium  salt  of  o-nitro-N- phthaloy Iphenylalanine  (XII).  To  a  solution  of  2  g(XI)  in  alcohol  was  added  a  297) 
of  NaOH  solution  up  to  a  pH  of  7.  After  cooling  the  precipitate  was  filtered,  washed  with  alcohol,  and  dried.  Yield 
1.8  g. 

Found  *7);  C  54.6;  H  3.4;  N  7.7.  Ci7HiiO^N2Na.  Calculated  *7):  C  54.7  (consisting  of  unburned  Na2COj);  H  3.0; 

N  7.7. 

Sodium  salt  of  o- amino- N- phthaloy  Ipheny  lalanine  (XIII).  A  solution  of  3  g  of  salt  (XII)  in  70  ml  SCPjo  alcohol 
was  hydrogenated  in  the  presence  of  0.5  g  catalyst  (97)  Pd  on  carbon)  for  1.5  hr  at  35-40*  and  atmospheric  pressure. 
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drochloric  acid  was  boiled  for  five  hours.  The  cooled  solution  was  separated  from  the  phthalic  acid  which  formed, 
the  filtrate  evaporated  in  vacuo  to  V3  of  its  original  volume,  and  after  cooling  again  filtered  from  phthalic  acid. 

The  filtrate  was  evaporated  in  vacuo  at  no  more  than  40*.  The  residue  (1.75  g)  was  pulverized  with  absolute  ether, 
dissolved  in  alcohol,  and  neutralized  with  trie  thy  lamine.  The  precipitate  was  filtered  and  the  filtrate  diluted  with 
absolute  ether  and  allowed  to  stand  in  a  refrigerator  for  24  hr.  The  substance  which  precipitated  (1  g)  was  reprecip¬ 
itated  by  solution  in  10  ml  of  methanol  and  addition  of  5  ml  ether.  This  gave  0.7  g  of  o-bis-(2-chloroethyl)amino- 
DL-phcnylalaninc  melting  at  153-157*  (decomp.).  Colorless,  dense  crystals  difficultly  soluble  in  water  and  in  alcohol. 

Found  <yo:  C  51.3;  H  5.9;  N  9.1.  C13H18O2N2CI2.  Calculated  C  51.1;  H  5.9;  N  9.2. 

SUMMARY 

1.  The  ethyl  ester  of  3-acetylaminodihydrocarbostyril-3-carboxylic  acid  is  die  product  of  hydrogenation  of 
o-nitrobenzylacetylaminomalonic  ester,  as  a  result  of  cyclization.  The  product  mentioned  above  is  subject  to  alka¬ 
line  hydrolysis,  giving  3-acetylaminodihydrocarbostyril-3-carboxylic  acid,  3-acetylaminodihydrocarbostyril,  and 
3-aminodihydrocarbostyril. 

2.  o-Nitrobenzylacetylaminoma Ionic  ester  gave  o-nitrophenylalanine,  its  acetyl  derivative,  and  the  sodium 
salt  of  o-nitro-N-acetylphenyla!anine.  Interaction  of  the  hydrogenation  product  of  the  latter  with  ethylene  oxide 
gave  N-(2-hydroxyethyl)-3-acetylaminodihydrocarbostyril. 
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3.  Starting  with  o-nitrophenylanaline,  we  synthesized  o-nitro-N-phthaloylphenylalanine.  Hydrogenation  of 
the  sodium  salt  of  o-nitro-N-phthaloylphenylalanine  gave  the  sodium  salt  of  o-amino-N-phthaloylphenylalanine, 
which  further  was  consistently  converted  to  o-bls-(2-hydroxyethyl)amii.j-N-phthaloylphenylalanine,  its  ethyl  ester, 
and  the  ethyl  ester  of  o-bis-(2-chlcroethyl)amino-N-phthaloylphenylalanine.  Hydrolysis  of  the  latter  gave  o*bis-(2- 
chloroethyl)amino-DL- phenylalanine. 
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While  studying  some  plants  gathered  in  the  Leningrad  district  (region),  we  discovered,  various  triterpene  com¬ 
pounds  in  them  for  the  first  time.  In  Lycopus  europaeus  L.  (Eurq)ean  horehound)  we  found  ursolic  acid.  From  Ledum 
palustre  L.  (wild  rosemary)  we  isolated  taraxerol.  From  the  bark  of  Alnus  incana  L.  Moench.  (gray  alder  tree)  we 
Isolated,  in  addition  to  the  formerly  described  taraxerol  and  taraxerone  [1],  lupenone,  a  substance  of  C80H48O  com¬ 
position  melting  at  200-202*,  and  a  new  triterpene  C3oH5q( 52)02  melting  at  172-172.5*  and  which  we  named  "al*- 
ninkanone." 

The  substance  melting  at  200-202*  obviously  is  the  previously  unknown  crystalline  form  of  lupenone.  The 
derivatives  of  this  substance  are  identical  with  the  corresponding  derivatives  of  lupenone.  The  infrared  spectra  of 
this  substance  and  of  lupenone  are  identical  in  the  1800-800  cm"*  region. 

Tlie  structure  of  al'ninkanone  will  be  reported  in  a  separate  paper. 

EXPERIMENTAL* 

Isolation  and  identification  of  ursolic  acid  from  Lycopus  europaeus  L.  A  chloroform  extract  from  6.5  kg  ground 
plants  was  evaporated  and  the  resulting  resinous  mass  was  washed  with  small  pwtions  of  benzene.  The  substance 
which  did  not  dissolve  in  benzene  was  triturated  with  a  mixture  of  10  ml  of  bVjo  aqueous  KOH  and  90  ml  methanol. 
The  alkaline  solution  was  filtered  and  acidified  with  hydrochloric  acid,  which  gave  a  precipitate  of  the  acids.  These 
acids  were  extracted  with  chloroform.  The  substances  obtained  on  evaporation  of  the  chloroform  solution  were  re¬ 
crystallized  several  times  from  alcohol  to  which  activated  charcoal  had  been  added.  This  gave  5.5  g  of  ursolic  acid, 
melting  point  284-285*  (ccxrr.). 

Found  "/o;  C  86,  79.08;  H  10.49,  10.49.  C30H48O3.  Calculated  “/o;  C  78.89;  H  10.59. 

A  mixed  sample  of  the  substance  under  investigation  and  a  sample  of  ursolic  acid  [2]  melting  at  285-286* 
(corr.)  had  a  melting  point  of  284-285°(cort.). 

The  substance  under  investigation  gave  an  acetate  melting  at  291-292*  (corr.X  A  mixed  melting  point  with 
a  sample  of  ursolic  acid  acetate  melting  at  291*  (corr.)  was  291-292*  (corr.). 

Isolation  of  substances  from  Alnus  incana  (L.)  Moench.  a)  A  concentrated  benzene  extract  from  4  kg  of  the 
bark  was  analyzed  chromatographically  on  1  kg  aluminum  oxide  (third  activity).  This  was  eluted  with  benzene, 
and  five  fractions  were  collected.  The  first  (light  yellow)  fraction  yielded  only  a  small  amount  of  an  oil.  The 
second  (orange)  fraction  was  evaporated  to  a  very  small  volume;  this  gave  0.3  g  of  a  substance  melting  at  292*, 
which  was  not  studied  any  further.  The  mother  liquor  was  evaporated  to  dryness  and  recrystallized  from  acetone  to 
which  activated  charcoal  had  been  added.  This  gave  1.5  g  crude  "al'ninkanone." 

Distillation  of  benzene  from  the  third  (light  yellow)  fraction  left  a  dry  residue  which  was  dissolved  in  boiling 
acetone.  The  insoluble  part  turned  out  to  be  qrude  taraxerone  (melting  point  225-230*),  while  crude  "al'ninkanone" 
was  recovered  from  the  acetone  solution  on  cooling.  Recrystallization  of  the  latter  product  from  alcohol  gave  3.9  g 
of  not  quite  pure  "al’ninkanone"  melting  at  163-168*.  The  alcoholic  mother  liquor  was  allowed  to  stand  for  a  long 
period  and  then  yielded  1.63  g  of  pure  "arninkanone"melting  at  172-172.5*. 


*  Microanalyses  were  conducted  by  E.  A.  Sokolova;  infrared  spectra  were  taken  on  IKS- 12  by  L.  D.  Shishkina. 
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Melting  Points  of  Lupenones  and  Their  Derivatives 


Usual  crystalline  form  of 

New  crystal-| 
line  form  of 

Literature  data  for 

lupenone 

lupenone 

lupenone 

Ketone 

167.5-169°  ((a), +  56.4°) 

200-202° 

168-169;  170.5—171.2° 

(|al,  +  57.6°)  (3) 

2,4-Dinitro- 

217—218 

217-218 

214  [4  1 

phenylhydrazone 

265.5—267 

265 

Oxime 

267  (4) 

Hydrazone 

343.5—344 

— 

341—3421*1 

Partial  evaporation  of  the  acetonic  mother  liquor  and  removal  of  crude  "al’ninkanone*  gave  lupenone  melt¬ 
ing  at  167.5-169*. 

The  fourth  (green)  and  fifth  (light  yellow)  fractions  yielded  various  mixtures  of  crystalline  substances  which 
we  were  not  able  to  resolve  into  their  components. 

b)  We  developed  two  other  variations,  on  separating  triterpenes  from  the  bark  of  alder  trees,  but  they  are  so 
cumbersome  that  we  are  not  relating  them  here  in  detail. 

One  is  based  on  fractional  recrystallization  of  substances  in  benzene  extracts  of  the  bark  from  alcohol  and 
benzene  in  turn.  During  this  we  obtained,  in  addition  to  the  compounds  obtained  in  experiment  a),  a  0.004^o  yield 
of  a  substance  melting  at  200-202*  (from  alcohol)  which  indicated  on  of  the  crystalline  lupenone  forms,  and  tarax- 
erol  melting  at  272.5-273.5*  (con.). 

The  third  variant  on  the  isolation  of  the  substances  consists  of  alkaline  saponification  of  the  original  benzene 
extract,  followed  by  fractional  distillation  of  the  unsaponified  portion,  it  yielded  (after  recrystallization  from  ben¬ 
zene)  pure  taraxerone  melting  at  238-240*  (0.15*70),  and  also  other  triterpenes  isolated  in  experiment(a). 

"Al'ninkanone,"  recrystallized  from  acetone,  had  a  steady  melting  point  of  172-172.5*,  [a]p  +  51.6*. 

Founder  C  81.15,  81.06;  H  11.53,  11.47.  C30H50O2.  Calculated  ^o:  C  81.39;  H  11.38.  C30H52O2.  Calcu¬ 
lated ‘7o:  C  81.02;  H  11.78. 

2,4-Dinitrophenylhydrazone  of  "al'ninkanone"  recrystallized  from  alcohol  with  benzene  melted  at  235*. 

Found  *7o;  N  9.25,  9.35.  C33H5e05N4.  Calculated *70:  N  8.96. 

Semlcarbazone  of  "al'ninkanone"  crystallized  from  benzene  and  melted  at  282-283*. 

Founder  N  8.33,  8.84.  C31H55O2N3.  Calculated  *70;  N  8.37. 

Two  crystalline  forms  of  lupenone  melted  at  167.5-169*  and  200-202*,  respectively.  Comparison  of  the  prop¬ 
erties  of  these  with  properties  of  lupenone  as  reported  in  the  literature  is  given  in  the  table. 

Lupenone  melting  at  167.5-169*. 

Founder  C  84.85,  84.91;  H  11.56;  11.63.  C30H48O.  Calculated  C  84.85;  H  11.39. 

Lupenone  melting  at  200-202*. 

Found  <7o:  C  84.72,  84.51;  H  11.96,  11.97.  C30H48O.  Calculated  <70;  C  84.85;  H  11.39. 

The  spectra  of  compound  melting  at  200-202*  and  lupenone  melting  at  167,5-169*  in  the  1800-800  cm"*  re¬ 
gion  coincide. 

Taraxerone.  Crude  taraxerone  was  dissolved  in  boiling  butanol  and  reduced  with  sodium.  Usual  treatment 
and  recrystallization  from  dioxane  gave  pure  taraxerol  melting  at  282*  (corr.).  The  literature  [1]  gives  melting 
point  282-285*.  A  mixed  melting  point  test  with  taraxerol  obtained  from  the  bark  of  gray  alder  (experiment  b) 
gave  279.5-281.5*  (corr.). 

The  spectrum  of  taraxerol  in  the  1800-800  cm"*  region  was  identical  with  that  of  taraxerol  as  given  in  the 
literature  [5].  Taraxerol  acetate  melted  at  304-305*  (in  the  literature,  303-305*  [1]). 
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Taraxerol  (1.8  g)  was  oxidized  with  0.33  g  chromic  anhydride  in  acetic  acid  at  room  temperature.  After  the 
usual  treatment  and  recrystallization  from  chloroform  with  methanol  we  obtained  1.23  gtaraxerone  melting  at240*. 
A  mixed  melting  point  test  with  taraxerone  prepared  from  the  bark  of  gray  alder  (experiment  b)  showed  no  melting 
point  depression. 

Isolation  of  taraxerol  from  Ledum  palustre  L.  A  benzene  extract  was  prepared  from  700  g  stems  (without 
leaves)  and  bark;  this  was  evaporated  to  a  small  volume  and  a  crystalline  substance  formed.  After  recrystallization 
from  dioxane  70  mg  taraxerol  melting  at  274-274.5  (corr.)  was  obtained. 

Found  C  84.48;  H  11.96.  C30H50O.  Calculated  C  84.44;  H  11.81. 

The  acetate  was  prepared  in  the  usual  manner  and  melted  at  302-303*  (corr.).  No  melting  point  depression 
occurred  when  a  sample  of  taraxerol  and  its  acetate  was  mixed  with  the  corresponding  substances  obtained  from  the 
bark  of  gray  alder  (see  above). 


SUMMARY 

Ursolic  acid  was  isolated  from  Lucopus  europaeus  L.  and  taraxerol  from  Ledum  palustre  L. 

In  the  bark  of  Alnus  incana  (L.)  Moench.  we  found  lup>enone  and  a  new  triterpene  C3oH5o( 52)02  named 
■aTninkanone,"  in  addition  to  the  formerly  described  taraxerone. 
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The  reaction  of  trimeric  phosphonitrile  chloride  with  amino  acid  esten  has  been  studied  only  by  Schoperkotter 
[1],  but  no  individual  compounds  were  isolated  by  him.  The  reaction  of  trimeric  phosphonitrile  chloride  with  piperi¬ 
dine  has  been  studied  by  several  investigators  [2];  however,  only  hexapiper idyl  triphosphonitr lie  has  been  isolated. 

We  studied  the  reaction  between  trimeric  phosphonitrile  chloride  and  the  ethyl  ester  of  glycine,  methyl  ester 
of  3-alanine,  and  piperidine.  We  found,  that  the  chlorine  atoms  of  the  trimeric  phosphonitrile  chloride  can  be  re¬ 
placed,  partially  and  completely,  by  the  ester  radicals  of  glycine  and  3 -alanine  or  piperidine. 


The  following  compounds  were  prepared: 

1)  PjN3Clj(NHCH2COCX:jH5):  m.p.  74-75*,  yield  70^; 

2)  PjNjCI^NHCHjCOOCjHb),:  m.p.  83- 84* ,  yield  3»7o; 

3)  P,N3C1j(NHCH2COOC2H5)4;  m.p.  73-74*,  yield  5(>7o; 

4)  P3Nj(NHCH2CCMX:2H5),;  m.p.  72-72.5*,  yield  907o; 

5)  P3N3ClrfNHCH2CH2COOCH3):  m.p.  58-59.5*,  yield  507o; 

6)  P3N3C1^NHCH2CH2CC)0CH3)2)  in  the  form  of  two  isomers:  a)  m.p.  59-60*,  yield  30^0,  b)  m.p.  59-60*, 
final  yield  not  established. 

7)  P3N3C12(NHCH2CH2CCXX:H3)4,  m.p.  42*  and 

8)  P3Ns(NHCH2CH2COOCH3)e-  oil. 


9)  P3N3CI5  m.p.  6,S-(;9°; 


10) 

F3N3CU 

K_ 

m.p. 

l()4_10.5O; 

11) 

P3N3CI3 

:»3= 

m.p. 

113.5— U4..50; 

12) 

P3N3CI2 

«: 

:».= 

m.p. 

111-112°; 

13) 

P3N3CI 

«_ 

m.p. 

121—123.5°; 

14)  P3N3 

:».= 

m.p. 

266°. 

When  partially  substituted  derivatives  were  prepared  from  amino  acid  esters  as  well  as  from  piperidine,  the 
reactions  were  not  identical  under  any  conditions.  The  isolation  of  some  partially  substituted  derivatives  from  the 
reaction  mixture  was  done  chromatographically. 
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ANIONIC  POLYMERIZATION  OF  CAPROLACTAM 

A.  S.  Shpital'nyl 
Leningrad  Textile  Institute 

Translated  from  Zhurnal  Obshchei  Khlmil,  Vol.  31,  No.  3, 

pp.  1037-1040,  March,  1961 

Original  article  submitted  July  18,  1960 


At  the  international  symposium  on  macromolecular  chemistry  in  Moscow,  1960,  G.  Chempetier  and  H. 
Sekiguchi  presented  a  paper  on  the  subject  of  "The  Mechanism  of  Anionic  Polymerization  of  Lactam*  [1],  in  which 
they  proposed  the  following  anionic  (alkaline)  scheme  for  the  polymerization  of  caprolactam,  which  agreed  with 
the  work  of  said  authors  on  anionic  polymerization  of  y -pyrrolidone  [2];  in  the  scheme  is  the  cation  of  the  alka¬ 
line  catalytic  agent. 
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The  scheme  assumes  coordination  between  the  basic  metal  and  the  carbonyl  next  to  die  nitrogen  of  die  ter¬ 
minal  cyclic  member  of  die  macromolecule.  This  leads  to  the  polarization  of  the  terminal  ring  carbonyl,  and  the 
reaction  of  the  thus  formed  ion  with  the  lactam  ion.  Then  the  proton  breaks  the  nitrogen  bond  with  the  carbonyl  of 
the  next  to  the  last  ring. 


It  is  known  that  the  addition  of  N-acyl  lactam  and  of  other  acyl- forming  agents  (also  acetic  anhydride  or 
benzoyl  chloride)  enhances  the  alkaline  polymerization  of  y -pyrrolidone  and  other  lactams  [3].  The  formation  of 
polymers  under  those  conditions  is  clarified  by  the  schemes  below. 
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In  one  of  our  publications  [4]  we  also  proposed  the  following  basic  polymerization  scheme  for  lactam: 

/CO  .CO  i;ONa  .CO 

f)  (CII,).-.<,  I  +  (CII,.).-X  I  ;zr.  (CI!2):X  I  -f  (Cllj):/  |  — - 
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--  NII^  C - N. 
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C— NII-(CII.,)--C()OII  .CO 

(CII.)/  II  ■  +  (Cllj)/  I 

NN.. 

In  principal  it  does  not  differ  from  schemes  representing  the  formation  of  polyamides  without  participation 
of  a  basic  agent  [4];  it  is  substantiated  by  the  following  experimental  data.  I)  Reaction  of  caprolactam  with  an 
excess  of  sodium  hydroxide  gives  the  sodium  salt  of  f -aminocaproic  acid,  which  is  capable  of  initiating  the  poly¬ 
merization  of  caprolactam.  11)  It  was  discovered,  that  regardless  of  the  preparation  method,  all  polyamides  on 
analysis  act  as  if  they  had  terminal  amino  or  carboxyl  groups  [4,  5].  Our  proposed  scheme  explains  the  similar  be¬ 
havior  of  polyamides  obtained  from  caprolactam  in  the  presence  of  a  basic  reagent  [4].  Our  scheme  was  based  on 
the  work  of  B.  A.  Porai-Koshits  [6],  in  which  the  amidation  reaction  is  explained  by  the  ability  of  the  carbonyl 
group  to  polarize  and  as  a  result  of  that  to  react  with  an  electron- donor  group,  i.e.,  by  the  nucleophilic  substitution 
process. 

The  activity  of  functional  groups  in  the  process  under  investigation  will  mainly  depend,  as  it  does  with  other 
reactions  of  similar  type,  on  the  nature  of  adjacent  groups.  The  following  series  thus  expressed  the  decrease  in  ac¬ 
tivity  of  carbonyl  groups  when  they  react  with  electron  donating  groups:  —  COCl  >  — CONNa  >— COOH  >  — CONIIR. 
In  this  series  the  most  active  group  is  — COCI,  and  the  least  active  one— CONHR  (R  is  hydrogen  or  alkyl  radical). 

It  is  only  natural  that  the  group -CONGO— ,  which  exists  in  the  N-acylated  lactam,  is  more  active  than  the  group 

—  CONH— .  This  circumstance  most  likely  is  the  true  reason  for  the  activating  effect  of  added  acylated  lactam  dur¬ 
ing  the  preparation  of  polyamides  under  the  defined  conditions  and  for  the  success  of  Ney’s  experiments  [31.  We 
must  add,  that  in  our  scheme  we  eliminated  the  need  for  the  very  unlikely  process— in  a  basic  medium— to  open  the 
ring  with  the  aid  of  a  proton  (prototropy). 

Although  it  follows  from  all  the  schemes  that  alkaline  polymerization  of  lactams  is  a  nucleophilic  type  sub¬ 
stitution,  their  construction  is  essentially  different. 

1.  In  Chempetier’s  scheme  the  polarization  of  the  carbonyl  group  is  brought  about  by  the  alkali  metal,  while 
in  ours  it  is  anticipated  that  the  polarization  can  take  place  even  in  the  absence  of  an  alkaline  reagent,  and  that 
the  reactivity  of  the  carbonyl  group  is  connected  chiefly  with  the  nature  of  adjacent  groups. 

2.  In  Chempetier’s  scheme  the  opening  of  the  ring  is  brought  about  by  the  very  unlikely-  in  an  alkaline  me¬ 
dium-effect  of  a  proton  on  the  "nitrogen- carbonyl"  bond,  while  in  our  scheme  the  cycle  is  broken  by  means  of 
sodium  hydroxide,  which  then  experimentally  substantiates  the  possibility  of  such  ring  opening  under  the  reaction 
conditions  for  the  formation  of  polyamides. 

3.  With  a  few  exceptions  our  scheme  is  applicable  to  any  reaction  of  polyamide  formation;  the  schemes  of 
Chempetier  and  Hall  apply  only  to  anionic  (alkaline)  lactam  polymerization. 

4.  Finally,  it  should  be  mentioned  that  in  Hall’s  scheme  the  formation  of  a  negative  charge  on  the  terminal 
(amino)  functional  group  of  the  macromolecule  has  not  been  proven. 

We  may  conclude,  that  the  special  schemes  by  Chempetier  and  Hall  prepared  to  clarify  the  well  known 
mechanism  of  nucleophilic  substitution  [7]  are  hardly  expedient. 
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Up  to  recent  times  only  a  few  compounds  containing  the  nitrogen- sulfur  double  bond  have  been  known,  and 
for  this  reason  there  has  been  no  problems  concerning  their  nomenclature.  Lately  many  new  types  of  compounds 
containing  the  nitrogen-sulfur  double  bond  [1]  have  been  prepared,  and  it  has  become  necessary  to  work  out  a  reason¬ 
able  nomenclature  for  them. 


Appel  et  al.,  suggest  the  name  •sulfimines*  for  compounds  such  as  R2S  =  NH  [2].  Mann  and  Pope  name  the 
compounds  of  type  ArSO^N  =  SR2  "sulfylimines"  [3].  Whitehead  and  Bentley  propose  the  name  "sulfidimines**  for 
compounds  R2S=-NH,  "sulfidimides*  for  R2S  =  NR*,  "sulfoxidimines"  for  R2S(  =  NH)0- abbreviated  to  "sulfoximines," 
and  "sulfoximides"  for  R2S(=  NR*)0  [4].  We  think  that  nomenclature  should  fulfill  two  basic  requirements:  If  pos¬ 
sible,  not  to  deviate  from  the  rules  of  nomenclature  adopted  for  other  classes  of  compounds,  and  to  describe  as  close¬ 
ly  as  possible  the  chemical  nature  of  the  compound,  such  as  the  oxidation  state  of  an  atom  which  determines  the 
class  of  the  given  compound.  For  this  reason  we  consider  the  suggestions  of  Whitehead  and  Bentley  as  inadequate. 
Their  nomenclature  is  based  on  the  following  principle:  When  an  imino  group  is  added  to  a  molecule,  the  suffix 
"imine"  is  added  to  the  name  of  the  compound: 


Alk\ 

Aik/ 

Dialkyl  sulfide 
Aik.  /O 

Aik/ 

Dialkyl  sulfoxide 


Aik. 

;S=NH 

Aik/ 

Dialkyl  sulfidimines 


Aik.  / 


o 

NH 


Dialkyl  sulfoxidimines 
Dialkyi  sulfoximines) 


This  principle  is  seldom  used  for  other  classes  of  compounds,  and  is  quite  inapplicable  to  most  known  classes 
of  compounds  containing  the  RN  =  or  HN  =  group  connected  to  other  atoms  by  a  double  bond.  Compounds  RCH  =  NH 
are  called  aldimines  (contracted  from  aldehydimine),  RC(  =  NH)OH  are  called  imino  acids  or  imido  acids.  In  all 
these  cases  the  principle  is  applied  that  when  an  oxygen  atom  is  replaced  by  =  NH,  one  adds  "imino-"  or  "imido-" 
to  the  name.  If  one  should  adopt  the  principle  of  Whitehead  and  Bentley,  then  aldimides  should  be  called  "alkyl- 
ideneimines,"  since  the  HN  =  group  is  added  to  alkylidenes.  It  is  hardly  worthwhile  to  change  long  established  rules 
of  nomenclature  for  compounds  containing  the  nitrogen- carbon  double  bond,  and  it  is  hardly  worthwhile  to  invent 
new  rules  of  nomenclature  fcx  compounds  containing  the  nitrogen- sulfur  double  bond  when  the  rules  differ  from  those 
governing  the  nomenclature  of  other  classes  of  compounds.  In  addition,  the  nomenclature  principle  proposed  by 
Whitehead  and  Bentley  is  also  unfortunate  in  tfiat  it  does  not  describe  the  chemical  nature  of  the  compounds.  It  is 
perfectly  clear  that  compounds  R2S  =  NH  are  not  derivatives  of  sulfides,  but  of  sulfoxides,  and  their  name  should 
express  their  close  relationship  to  sulfoxides  and  not  to  sulfides.  Compounds R2S  =  NH  also  are  related  to  sulfoxides 
as  are  aldimines  to  aldehydes,  as  imino  acids  are  to  acids,  and  consequently  it  is  quite  reasonable  to  expect  the 
names  of  these  compounds  to  be  derived  from  sulfoxides,  i.e.,  to  name  them  sulfoxidimines  and  not  sulfidimines. 

To  combine  "sulfide"  and  "imine"  in  one  name  does  not  follow,  since  the  term  "sulfide"  defines  divalent  sulfur,  but 
the  ending  "imino"  says  nothing  about  an  increased  valency  of  sulfur,  while  in  R2S  =  NH  the  sulfur  is  formally  tetra- 
valent  and  in  sulfides  divalent.  The  ending  "imine"  cannot  define  the  increase  in  valency,  since  in  aldimines  and 
ketimines  the  carbon  valency  is  the  same  as  it  is  in  aldehydes  and  ketones. 
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In  the  literature  on  phosphorus  chemistry  both  principles  are,  regretfully,  applied:  For  compounds  Aiks?  = 

=  NH  the  generally  used  term  is  phosphinimines  (combined  "phosphine"  and  the  =  NH  group)  [6],  and  compounds 
(RO)sP  =  NH  are  named  by  the  editors  of  the  Chemisches  Zentralblatt  esters  of  imino-  or  imidophosphoric  acids 
(esters  of  phosphoric  acid  in  which  an  oxygen  atom  is  replaced  by  the  =  NH  group)  (see  [5]  for  example).  Accwd- 
ing  to  Whitehead  and  Bentley  [4]  and  Kosolapoff  [6],  (RO)3P  =  NH  should  be  called  esters  of  iminophosphorous  acid 
or  trialkoxyphosphinimines,  which  names  are  not  customary. 

Considering  all  this,  we  propose  the  following  basic  principles  for  the  nomenclature  of  compounds  containing 
tfie  HN  =  or  RN  =  group. 

1.  The  NH  =  group  should  be  called  imido  group  only  when  it  is  connected  to  two  acyls.  This  suggestion 
agrees  with  most  (but  unfortunately,  not  all)  generally  used  modern  terms  and  is  based  on  the  similar  sound  of  the 
words  "imido"  and  "amides,"  and  the  term  "acid  amides"  is  fully  established  and  generally  used  to  define  coqi- 
pounds,  the  molecules  of  which  were  formed  by  the  combination  of  the  NHj-group  and  acyl  radicals. 

2.  The  NH  =  group  should  be  called  imino  only  when  it  is  connected  through  both  bonds  (neutrally,  formally, 
or  actually)  to  one  atom. 

3.  The  naming  of  substances  containing  the  nitrogen-sulfur  (or  nitrogen- phosphorus  etc.)  double  bond  is 
derived  from  the  names  of  corresponding  oxygenous  compounds,  by  adding  the  addition  or  ending  "imine"  to  the 
name. 

In  particular,  the  following  names  are  proposed  for  separate  classes  of  compounds  containing  the  nitrogen- 
sulfur  double  bond: 


no^  ,Nii 
rio^  '^0 

Indnosulfuric  acid 
NM 

Nllj/  '^0 

Diamide  of  Iminosulfuric  acid 
HO. 

>S=Nn 

hq/ 

Iminosulfurous  acid 

>S=NII 

IK 

Dialkyl  (Aryl)sulfoxidimines 
r/  ^Nll 

Dialkylsulfonediimines 
,NII 


US. 

^Nllj 

Amides  of  Iminosulfinic  acids 
O 
II 

R— S-N  H, 

II 

NH 

Amindes  of  Ininosulfonic  acids 
NH 


R-S-NHj 

II 

NH 


HO.  ^NH 

IIO^  ^NH 
lliiminosulfuric  acid 
NHj.  ,N1I 

HO^^^^NH 

Monoamide  of  Diiminosulfuric  acid 


0=S=NH 

Iminodioxide  sulfur 
R.  /O 

\c 

r/  '^nh 

Dialky  Isulfonemonoimines 

/NH 

RS^ 

'OH 

Iminosulfinic  acids 

0 

It 

R-S-OH 

II 

Ml 

Iminosulfon^c  acids 
NH 
II 

R-S-OH 

II 

NH 

Diiminosulfonic  acids 


hs-nh-sr 

II 


O 


Amides  of  Diiminosulfonic  acids  imides  of  Sulfinic  acids  etc. 


The  naming  of  more  complicated  compounds,  such  as  imino  derivatives  of  disulfides,  disulfoxides,  and  di- 
sulfones,  is  done  on  die  same  principle,  i.e.,  all  compounds  containing  the  nitrogen- sulfur  double  bond  are  con¬ 
sidered  derivatives  of  the  corresponding  oxygenous  compounds  in  which  the  oxygen  atom  had  been  replaced  by  the 
imino  group. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEUZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nn  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR 
Water  Power  Inst. 

State  Sci. -Tech.  Press 

State  Tech,  ind  Theor.  Lit.  Press 

State  United  Sci. -Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci. -Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.-  Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. -Ministry  of  Electric  Power  Plants 
Cenual  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


NOTE:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  “Publisher. 
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